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General Purpose 
Die & Mould Stee! 
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Chromium/Vanadium « Chromium/Molybdenum/ Nickel /Chromium 
Tungsten/Molybdenum Vanadium Molybdenum 
Hot Working & Forging Aluminium Extrusion oe » Backing Die & Hot 
Die Steel Pressure Die Casting Stee! Working Steel 


Walter Somers Limited 


HAYWOOD FORGE - HALES OWEN NR. BIRMINGHAM Telephone Hales Owes 1185 
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USE-ROLLERS 
Save Materials 


and Man-Hours 


* Quantity and more positive roller adjustment. 

* Control and operation by foot pedal or automatic 
trip, as required. 

* Well proved direct air operated friction type clutch. 

* Automatic flood lubrication. 

* Central panel provides quick and easy control of 
motor, single or continuous action, and over-run 
adjustment 


Made in sizes 1} in., 3 in. and 4 in, 












3° Use Roller, Messrs. 
Deritend Drop Forgings 
Lid., Birmingham 


1861-1961 


Stream and Compressed Air Hammers 
© Power Hammers, Friction 


massey vesicns nccuve- [R&S AMASSEY [2° opensnaw - MANCHESTER - ENGLAND 


Drop Hammers, Double-A ba MAKERS OF THE WORLD'S GREATEST RANGE OF 
e FORGING AND DROP FORGING PLANT 


( ounterblow Hammer 
Presse t's Roller rime 
Presses, Tyre Fixing # 
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Lise it to LANGLEY 


ew 
FOR DIE BLOCKS 
CLIPPING TOOLS 
BOLSTERS 
HAMMER TUPS 
HAMMER SLIDES 
PISTON RODS, ETC. 


LANGLEY FORGE CO. oT. eee cicetae. toner 


Telephone: BROadwe!l 342 
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CUMBRIA HOUSE, COLDTHORN HILL 


WOLVERHAMPTON 


february 1961 


- HAUCK 


(aspuatt PLANT 


‘ 


TESTING 


Stordy manufacture at their Wombourn 
Works a full 
proportioning oil burners with full facilities 


range of Hauck fully self- 


for experimental work and for full testing 


of production burners before despatch 


ENGINEERING LIMITED 
Wolverhampton 37341 


STORDY 


Telephone 
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Cut your Forging Costs by instailinga... 
BRITISH-MADE 
CHAMBERSBURG CECO-DROP HAMMER 


An air or steam lift, gravity drop 
hammer setting new standards for 
quality and production. 


* Automatic operation with variable 
stroke control. 


* Greater and cheaper production 
per hour. 


* More economical, safer and easier 


to operate. 


* Improved accuracy of die match. 


The Chambersburg Ceco-Drop is an improved-type 
Drop Hammer providing more blows per minute 
and closer tolerances in the forgings. 


Maintenance costs are reduced due to fewer and 
more durable working parts. 


The size available for early delivery is the 3,000 Ibs 
and full details of specifications are contained in a 
comprehensive catalogue which will be sent on 
request. 





Sole Agents :— AD.27! 


ALFRED 
HERBER LZ LTD., COVENTRY ~— FACTORED DIVISION, RED LANE WORKS 


Al 
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A link with accuracy and finish 





Each link in these conveyors is a precision job—perfect in every detail, shell-moulded 
in heat-resisting steel. The smallest components can be carried safely 
and smoothiy through any furnace. Another outstanding 
achievement by Thompson L’Hospied whose close association with the 
Furnace industry offers unique facilities for research and testing under actual conditions. 





enters &% 
Thompson L."Hospied 
esi st46 o 
A Member of the incandescent Group 


THOMPSON L’HOSPIED & CO. LTD., STOURBRIDGE, ENGLAND 
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PROPANE 








> PROPAGAS provides industry not only witha 
ae high calorific value fuel gas Capraneey 
2,500 b.t.u. cubic foot) but also with an 
excellent medium for the production of 
special furnace atmospheres. It is widely 
used for gas carburizing, carbonitriding and 
bright annealing of ferrous and non-ferrous 


metals. 

BOTTOGAS Butane, like Propagas, is a petro- 
leum gas delivered and stored as a liquid 
under moderate pressure. Bottogas is used 
as a fuel for fork lift trucks and for many 
other specialised applications. 





These illustrations, oy courtesy of Ford 
Motor Co. Ltd, show two of many continuous 
gas carburizing furnaces installed at their 
Dagenham factory, using endothermic 
atmospheres produced from PROPAGAS. 














PROPAGAS Propane and BOTTOGAS Butane come 
from the great British refineries of the 
Shell and BP Groups, backed by a technical 
service second to none and with a complete 
sales organisation covering the United 
Kingdom. 


Shell-Mex and B.P. Gases Limited 


(Regd users of trade marks) 


Cecil Chambers 76-86 Strand London WC2 Telephone: TEMple Bar 1234 
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Cut very 












short pieces 
to accurate limits with the 


LAMBERTON 


AUTOMATIC 
BILLET SHEAR 





Write for further details to:- 


EUMUCO (ENGLAND) LTD 


26 Fitzroy Square 
London W.1!1 


Telephone: EUSton 4651 
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The “Alicase’’ Furnaces illustrated form 
part of a battery of fully-automatic 
sequence and programme controlled 
Furnaces used for Gas Carburising, 
Carbonitriding, and Reheating of various 
automobile comronents. 








Two “Alicase” Furnaces at the works of a leading motor manufacturer, used for carburizing and carbonitriding steering 
and other parts, requiring various case compositions and depths. The hearth area of each furnace is 3’ 0” x 2’ 0” with |’ 6” 
permissible depth of charge, and is designed to accommodate gross charge weights varying from 900 Ib. at 750°C. to 
500 Ib. at 950°C. 

PROCESSES: With an operating temperature range of |,400 to |,750°F. the following controlled atmosphere processes 
can be carried out. 

|—Gas Carburizing. 2—Hot Oil Marquenching. 3——Clean Hardening. 4—Dry Cyaniding or Carbonitriding. 5—-Carbon 
Restoration. 6—Homogeneous Carburizing. 7—Clean Annealing. 


BRITISH FURNACES LTD. 


CHESTERFIELD 


ASSOCIATED WITH SURFACE COMBUSTION CORPORATION TOLEDO. USA 
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The New 


EUMMAUCO 


LEVERKUSEN — GERMANY 


PRECISION HAMMER 


is ashort stroke downward pressure hammer 
with oil-hydraulic rocker drive. 

it was developed for mass production of 
precision forged components and is a 
natural addition to the Eumuco range of 
chain hammers of smaller size up to 
approx. 10 tons. 

The experience gained in double shift 
operation over a period of more than a 
year has proved that the aim in design- 
ing this hammer has been realized. 


of 
MONOBLOC 
design 





ELECTRIC INDIVIDUAL DRIVE no compres- 
sed air. 

OILHYDRAULIC ROCKER DRIVE WITH 
DOWNWARD PRESSURE EFFECT, high 
efficiency (approx. 75%) without additional! 
cooling by water or oil. Operating medium: non- 
inflammable hydraulic fluid or hydraulic oil. 
Highly durable, unbreakable SHORT, BEND- 
RESISTING PISTON ROD. 

ACCURATE, WEAR-RESISTING TUP GUIDE 
in the form of hardened and ground adjustable 
guide faces of great width and length. 

LARGE CLAMPING AREAS for protecting the 
tup and anvil block insert, suitable also for 
taking die holders. 

MONOBLOC DESIGN of the hammer super- 
structure, anvil block, column and upper cross 
piece form a single compact rigid steel casting, 
without any faces subject to wear or connect- 
ing pieces, but an anvil block with a large 
machined bearing face. 

SIMPLE OPERATION by electric pedal switch 
control and universal programme control. 


WICKMAN & °° LIMITED 


FACTORED MACHINE TOOL DIVISION, FLETCHAMSTEAD HIGHWAY, COVENTRY, 


Sibrmcaye 


———————— | 


Telephone: Coventry 74321 
557 F30@ 
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36° TYPE 23RH 
EXTRACTOR FOR 
RECLAIMING CUTTING 
OILS AND COMPOUNDS 
FROM SWARF 








BROADBENT PLANNED SWARF DISPOSAL 


euts production costs 


by efficiently reclaiming cutting oils and compounds with BROADBENT 
CENTRIFUGAL OIL EXTRACTORS, and by leaving cleaner scrap 
which demands higher prices and reduces transport costs 


keeps factories cleaner 


by eliminating oil soaked floors and at the same time keeping swarf 
clear of both machines and operators 


* Write for publication $2/5110 


THOMASH 8 OW UDE.e a i & SONS LID 


CENTRAL IRONWORKS, HUDDERSFIELD Phone: 5520-5 Grams: “BROADBENT” Huddersfield 
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Forging ahead..... 


Fine steel is made and controlled in its making by 
teamwork-—research teams—works laboratory teams— 
the craftsmanship of steelmelters, rolling mill and forge 
teams. Many of the present generation on the shop floor 
are sons and grandsons of men who built the early 


reputation of Sheffield for the world's‘finest alloy steels. 


Firth Brown are proud to have the resources, clear 


headedness and innate skills of many such craftsmen. 


FIHTH | BROWN 


ALLOY STEELMAKERS - FORGEMASTERS - STEEL FOUNDERS - HEAVY ENGINEERS 
THOS FIRTH A JOHN BROWN LIMITED SHEFFIELD ENGLAND 
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CRANKSHAFT S of all types 


to the finest degree of engineering perfect 





SUPPLIED A 


PRESS 
DROP 
C.G.F. 





Specialised techniques developed over the last 150 years, combined 
with rigid testing and examination, ensure the highest possible standard 
of soundness demanded for these components 





ENGLISH STEEL FORGE AND ENGINEERING CORPORATION 


tmiuited 
Ricer Den Werks. Shettfietd 


q wheolly owned subsidiary of English Steel Corporation Lid 





~ metal treatment 
february, 1961 ona tee Giaiee 


I . 3 : 


\s me eh willed 


eer ar = So . 
‘j po FE=E js 468s 7 Ty 
ote 














Stainless Steel Strip 
Annealing Furnace © 





The illustration shows a Furnace for Bae ee 


onstruction of 


Open Hearth Furnaces 
Soaking Pits of all typ~s 
Continuous Multi-zone Bloom and 
Slab Re-heating Furnaces 
Continuous Bogie type Ingot and 
Slab Heating Furnaces 
Furnaces for Aluminium Melting. 
Coil Annealing and Slab Re-heating 
Forge and Heat Treatment Furnaces 
Stress Relieving Furnaces 
Shipyard Plate and Bar Furnaces 
Modern Lime Burning Kilns 


continuous treatment of ferritic or 
austenitic steel strip. 

Installed at the Stocksbridge Works 
of Samuel Fox & Company Limited, re 
Sheffield. * 





PRIEST FURNACES LIMITED - LONGLANDS - MIDDLESBROUGH PRIEST f 


also at KELHAM ISLAND WORKS, SHEFFIELD, 3 The last word in 


Furnace dengn 
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INDUCTION HEATING... helping me? 


It most certainly is—for aircraft engine manufacture is one of the 
many important industries benefiting from induction heating 
equipment produced by Garringtons. Turbine and compressor blades 
for jet engines, heated for forging by this proved method, are used in 
such world famous engines as Rolls-Royce “‘ Avon,” Curtis-Wright 
“1.65,”’ Armstrong-Siddeley “‘ Sapphire,” Bristol ‘“‘ Olympus” and 
“Orpheus,” to mention but a few 


If you are interested in heat treatment or hot working of metals 
in any form, Garringtons’ specialised services can help you 


Advantages include :— 






Quality Improved as a result of automatic control which ensures 
consistent scale free heating to specification 
Operating time Reduced through high heating rate 


Turnover 


A typical 
jet engine rotor 


increased through improved production, and space 


lisc fitted with saved for greater capacity 


Garringtons’ forged blad Labour Better working conditions through automation 
7 witons forged diades 


Anti-pvollution Air contamination greatly reduced 


° Descriptive literature will gladly be sent to responsible 
WMI cuthorities upon request to address below 


INDUCTION HEATING DIVISION 


GARRINGTONS LTD., BROMSGROVE, WORCS., ENGLAND 


Phone: Brom:g 2621 (7 





Gram: : Garrirgton Phone Bromsgrove 
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OIL OR WATER 
QUENCHING CALLS 
FOR MODERN 
EQUIPMENT 





GIBBONS 


SS —— 









QUENCHING MACHINE 
SELF-SEALING 
SELF-OPENING 





This essentially reliable machine, perfected over an extended period, 
is one of the most advanced units of its kind. 





SAFETY EFFICIENCY 
The canopy door opens and Automatic load washing by oscilla- 
The Gibbons-van Marle Churging closes automatically, sealing off tion. Drive units are robust and 
Machine is a natural complement to the quenching tank. Fire haz- there are no complicated mechan- 
the Gibbons Quenching Machine ards and the steam nuisance isms to give trouble. Control by 
are eliminated. ush-button 
All enquiries to GIBBONS BROTHERS LTD., ° am 


Dibdale, Dudley, Worcs. Tel: Dudley 55/41 (P.B.X.) 





STAINLESS STEEL 
HEAT RESISTING 


ABRASIVE RESISTING 

HEAT & ABRASIVE RESISTING 
CYANIDING POTS 

CASE HARDENING BOXES 

CAST IRON, BRASS, GUN METAL 
PHOSPHOR BRONZE, ALUMINIUM etc. 


HIGH SPEED TOOL, DIE 

& SPECIAL ALLOY STEELS 

slso STAINLESS STEEL ROAD 
LINES, STUDS & SIGNS 





HIGHLY ALLOYED STEEL 
CASTINGS 


‘JOFO" castings are available in 
a wide-range of qualities 


From a few ozs up to 25 cwts each 


M.O.S. approved inspection facilities installed 
ine X-rey contro! 


H johnson liKet Sid 


Regd. Office : 
BROADFIELD RD. SHEFFIELD 6 
Telephones: $2431 4 
Office and Werks Entrance 
AIZLEWOOD RD., SHEFFIELD 8 
Foundry ; Aizlewood Road, Sheffield 
Machine Shops: Breadfield Rood. Sheffie!d 
London Office : Central House, 
Upper Woburn Place, W.C.! 
(EUSton 4086) 

Glesgow Office : 93 Hope Street, C.2. 
(Central 8342/5) 





S & FOUNDERS 


























‘TRANSITROL 


Patents 817053 & 619536 


Temperature Controliers 










DELIVERED 


.-- have already 





proved their 
reliability and 
durability to 
thousands 
of firms in 
all industries! 


Comprehensive information from: ETHER LTD. 


Tyburn Road, Erdington, Birmingham 24 


Caxton Way, Stevenage, Herts 


Representative 


throughout the U.K 


East 0276-8 


Stevenage 2110-7 


Agents in all principal countries. 

















TYPE 990: TYPE 991: TYPE 992: TYPE 993 
Two-position on/off. Anticipatory Proportioning tomas ntitee: 

(stepiess) : a. TYPE 995 TYPE 994: 
Operating: Operating: control systems 


Solenoid valves. 


Solenord valves. 


Continuously-acting 


Time-Temperature 


Operating (employing any one of 
ng: ° 

, Operating Solenoid valves Proportional the preceding control 
Motorised valves, Motorised valves. Securabla reacters, coe 2 pe ae x the prec 

Contactors. Relays. Contactors. Relays. rene (w manua! reset} 

Electric heaters. Electric Heaters. Ele heoose 


Applications: 
Salt-baths for heat-treat- 


Applications: 
Extruding machines and 


Applications: 
Eleccrically-heated 


equipment requiring 


‘ e 


Operating: 
Motorised proportioning 


Operating: 
Solenoid valves 
Motorised vaives 








dent con- valves. Motorised proportion 
>t metals moulding presses for extremely accurate tem- of se e hea z vaives ; 

ent of meta aaa on Applications: Contactors. Relays. 
Vitreous-enamelling plastics, rubber, etc. peratures, e.g. plastic tr 2 floating valve Gas-fi fired Electric heaters 

urnaces extruders for high - as-fired or oil-fire Saturable reactors. 

; - ing baths for heat-treat- iten-metal vat 
Muffie furnaces, Die-casting machines. quality production. S: rt s for heat-treat mo . | 
e etals Applications: 

conceit aegas Vitreous-ename}llin onun shy -fe For controlling the rise | 
Drying kilns Furnaces for crystal - c uously-fed tr 


Electric furnaces em- 


v ces and fall of temperature 
furnaces. 
Crucible furnaces, growing. loyed on research. Muffie furnaces. over a given period o 
High erature ° rucible furnaces. Leh time in:— 
gh-temper atu ‘ . : sore. 
ence Chemica! processing. Extruding machines. Pottery kilns 
alarms 


Extruding and moulding 
machines, ete,, etc, 





Food packaging 
machinery, etc., etc. 





Electronic production, 
e@tc., etc. 





Moulding presses 
Die-casting machines 
etc., ete. 





Drying ovens and kilns, 
etc., etc. 





Food processing. 
Heat-treatmentofmetais 
tass, plastics. 
esearch, etc., etc 
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re. f i Reverse image attachment copy mills both 


76-8 left- and right-hand die halves at the same time 
vad AUTOMATIC from the same model. Copying is accurate 
to within .002", fully automatic and needs no 


HYDROGOPYING supervision. 360° profiles can be produced 


without using a rotating table and feed 
DIE SINKING is constant—and on vertical contours up to 90°. 
- . . 
Light feeler pressure permits the use of 


MACHINE KA 900 wooden or plaster models. 


Standard table sizes up to 924" x 254". 
One, two, four or six spindles. 





A two-spindle machine with reverse image 


attachment is available for immediate delivery 


erature 


any one of SOLE U.K. DISTRIBUTORS 


DOWDING & DOLL LTD 







® Write for 
yaives. 


wepartionin technical 








Sateys. brochure 346 KENSINGTON HIGH STREET, LONDON, W.14 
pecters. MT/172 Tel: WESTERN 8077 (6 lines) Teles: 23162 Groms! ACCURATOOL LONDON TELEX 
fine the rise 

temperature 


en period o 


Ss. 

sing. 
nentofmetais 
5. 

tc., etc 
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AUTOMATIC UPSETTING! 


Let National Tong-Feed Forging Machines 
Produce Your Forgings at Lower Cost 





Hot Forging is going automatic! 
Well, not all of it, but many forward- 
looking forge plants are taking a fresh look. 


For example, all of the upset-type forg- 
ings above were made on National Auto- 
matic Tong-Feed Forging Machines. 
Seven sizes are now meg and presently 
operating in production: 1”, 144”, 2”, 3” 


4”, 6” and 74%”. 


The method offers extremely interesting 
opportunities of raising production while 
reducing labor and operating costs. May 
we help you investigate? 
Let's start by looking over your jobs, in 
your plant, in Tiffin or in Nurnberg 
We can have a productive session de 
voted entirely to your plans, but with- 
out obligation. National 4” Automatic Tong-Feed Forg 
ing Machine with discharge conveyor 


Nistiowal MACHINERY (0 ee 











TIFFIN. OHIO. U.S 





JGKAYSER 


mm eo 
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Photograph by courtesy of Jaguar Tors itd 


Carburising— 


| A great basic advance— 
Positive Instrument control of carbon 


Ai the high temperatures normally used steel is very sensitive to the carbon potential of a 
furnace atmosphere and carbon can be transferred from gas to steel or conversely from steel to 
gas until a state of equilibrium exists. In commercial practice, however, owing to several factors, 
a state of equilibrium rarely exists, and for many years there has been a continuing search for a tool 
which would permit measurement and control of carbon potential in heat treatment atmospheres. 

We have now developed such a tool—called a Carbohm. It takes the form of a primary element 
and measures carbon potential much in the same way that a thermocouple measures temperature. 
As carbon flows in or out of the Carbohm its electrical resistance changes, these changes being 
picked up by the Microcarb Controller, which operates a relay regulating the flow of fluid to the 
furnace. 

Thus the carbon you set on the Microcarb Controller is the carbon you get, the control giving 
you the desired case depth and the case structure, control being possible at any eutectoid figure. 
Steel pressings normally made in spring steel can be made in mild steel and homogeneously 
carburised to any preset content. Jaguar, Austin, Morris, Leyland, Sperry Gyroscope, Singer, 
etc., all use this method. 


The attractive Microcarb contro! booklet will be sent to you with pleasure on request 


LEEDS & NORTHRUP LTD. 


183 BROAD STREET, BIRMINGHAM, [5 
Telephone: MIDLAND 1453/4 ‘Grams: FLOMETER, BIRMINGHAM 
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Batch Type Furnace installed, with slow cooling chamber at right, at Northern Aluminium Co. Ltd. for annealing 
aluminium slabs prior to cold rolling 


AIR CIRCULATING OVENS * BATCH FURNACES 

BELL TYPE FURNACES * BOGIE HEARTH FURNACES 

CHAIN AND SLAT TYPE FURNACES 

CORF TYPE INDUCTION FURNACES 

CORELESS TYPE INDUCTION FURNACES 

DIRECT ARC FURNACES * MESH BELT TYPE FURNACES 

PIT TYPE FURNACES * PUSHER TYPE FURNACES 

ROLLER HEARTH FURNACES * ROTARY HEARTH FURNACES 
SUBMERGED ARC FURNACES * VERTICAL CONVEYOR FURNACES 
WALKING BEAM FURNACES 

WIRE AND STRIP PULL THROUGH FURNACES 

PROTECTIVE ATMOSPHERE GENERATORS AND DRIERS 


Fe EER 
(GWRBR) G.W.B. FURNACES LTD 
SoVV ES 


P.O. Box 4 - Dibdale Works - Dudley - Worcs - Tel: Dudley 55455 


Associated with Giobons Bros. Lid. and Wild-Barfield Electric Furnaces Lid 


oWB 254 
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FOLIAC die lubrication 


can increase die life by more than 100%... 





xO 
oe Yes, FOLIAC Colloidal Graphite Dispersions give dramatic- 
4] ally longer life, because they afford far better die lu>rication 
6° than oils and the traditional wet sawdust. 


Pre-treat dies with Foliac W 18 Colloidal Graphite in Water. 
lubricate dies with Foliac ‘Forgraph’ Semi-colloidal 
graphite in Water. 

The result is longer die life—much longer—and a more 
consistent and better finished product into the bargain. 
Foliac Colloidal Dispersions are available in a variety of 
liquids. Why not ask our representative to call to discuss 
specific problems and advise on applications. 





F '@) L IA C COLLOIDAL GRAPHITE DISPERSIONS 


GRAPHITE 
PRODUCTS ONF THF MORGAN CR BLE GF P OF COMPANIES 
LIMITED 
NORTHFIELOS - WANDSWORTH PARK - LONDON - S.W.18 TELEPHONE: VANdyke 6422 


GP. 105/335 
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KNOW AVAILABLE 
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26 february, 1961 





All prepublication orders for the 
1960/1 EDITION of 


RYLAND’S 
DIRECTORY 


have now been fulfilled, and copies 
ean be supplied immediately 


from stock 


May we suggest you 


place your order at once with 


-—-Price-—> 


The Publisher. i 
i 
Ryland’s Directory. ; BA |= 
17/19 John Adam St.. 
London, W.C.2 eit 
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LIMITED 
for TEMPERATURE MEASUREMENT & CONTROL 
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# ROLLS-ROYCE chose 


GRAD COLLOIDAL GRAPHITE 


| || 
vad /\ 
eo” 


for extruding Titanium Compressor Blades 









— because it TREBLED tool life 


consult 


\ 


INEERS 


CONSULTING LUBRICATION ENG 


CLUBGARDENS WALK, SHEFFIELD |! TELEPHONE 27385 





WILKINS & MITCHELL 












THE ‘ROLLMASTER’ FORGING ROLL 


faster more accurate pre-forming 


e-% 

- 

: 

§+ a ~ 

A} i 

. ' 


be = i 







gure; 4 | <) 


' ; | | | 4 
io - | ‘ / ladad 3 
P | r 


1k 
a 


— 6 


wy 





AF yy * 
“pa A 








Complete portability for maximum forge shop utilization 
. All steel fabrication - Totally enclosed transmissions in oil 
Exclusive , | : 
Double helical gearing for smoother drive, more power, longer life 
Pre-forming s 's match forging press production rate 
Features Pag OEE Pee PUR rae 


Extra rapid electric control 


Complete range from |)" to 5” square stock 


WILKINS & MITCHELL LTD. | DARLASTON | S. STAFFS | ENGLAND 


) 593 Cogent 
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is your pet a powder-compact type? 


SM/B 6194 





furnac 


30 








Let's face it—your pet is a self-sintered type 
needing careful nurturing and a little patting and 
preening to help it toe the production lin 


The discipline of uniform treatment in a Birle« 
furnace is the simple answer. These furnaces 

have all the attributes demanded by experienced 
powder metallurgists and they come in types and 
sizes to suit your pet produet and production 
Birlec mesh-belt conveyor furnaces include 
straight-through and hump-back types specially 
adapted for sintering applications, with burn-off 
chamber, multi-zone control, low-stress conveyor 
drive and easily replaceable heating elements 


{sk your pet typist to write for more information. 


es for every heat treatment 


AEI-Birlec Limited 


Tyburn Road: Erdington: Birmingham 24 
Telephone: East 1544 Telex No;33471 
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Ergonomics 


T is a pity that the one remaining use of the classical languages today seems to lie in 
Je endless coining of new names, thus emphasizing an already dangerous specializa- 

tion. Whether the invented word is such a monstrous hybrid as automation, or 
justifiable derivatives as cybernetics or ergonomics, the result all too easily tends to 
produce a new cult of ‘ mumbo jumbo ’ in the popular Press and a new esoteric specialized 
language. Perhaps this is unavoidable in our increasingly complex society but it does 
mean that useful information acquired in the process often remains locked up in a 
form not readily accessible to those responsible for policy decisions in industry. 


Ergonomics is the scientific approach to the physical factors of human performance. 
The Americans have the term ‘human engineering’ which although ambiguous has the 
advantage of stressing the important elements. Ergonomics is essentially the study of 
man in relation to the physical factors in the environment in which ‘ work’ is done— 
work being expenditure of energy in the physiological sense. Stated in this form it 
may seem to be a study not very closely related to the everyday needs of industry, but 
this is far from being the case. It is in fact a good example of useful information locked 
up in a specialized language, and it offers results which are by no means being as widely 
employed in industry as they deserve. 


An attempt was made to show the scope of the study of ergonomics to the world of 
industry by Dr. C. B. Frisby, PH.D., director, National Institute of Industrial Psychology, 
at the Royal Society of Arts, last month. In the course of his lecture, Dr. Frisby grouped 
the physical factors in the working environment as follows: 1 The surroundings. Light- 
ing, heating and ventilation. Noise and vibration. Dust, odours and toxic substances. 
2 Tools and equipment. Hand tools, jigs, benches, seating. Equipment used for lifting 
and transporting material. 3 Plant and machinery. In particular, the nature and location 
of displays, which indicate to a man the way the machine is performing, when action is 
required on his part, and the results of this action. Secondly, the nature and position of 
controls used for operating the machine or system. 


Speaking of plant and machinery, Dr. Frisby said that the designer had been faced 
with mechanical problems of increasing complexity as machines had been demanded to 
undertake more and more operations formerly recognized as skilled. Perhaps this was 
one reason why so much industrial machinery of the highest mechanical ingenuity 
appeared to have been designed with very little thought for the capacities and limitations 
of the human beings who were going to be responsible for its operation. He cited the 
example of power presses used in the production of countless small metal stampings. 
Very many moderate-sized power presses imposed on the operator a posture of extreme 
discomfort, seated in a crouching position with arms thrust forward and outward, one 
leg bent under him operating the treadle controlling the descent of the head of the press. 


Why was it, asked Dr. Frisby, that in the industrial field there was still so much that was 
deplorable in its human engineering ? Weston in 1923 advanced the theory that machines 
were badly designed because the designers did not use them, and thus were not led to 
recognize their failings from the operator’s point of view. This had always seemed to 
him to be a primary reason, but he was beginning to wonder. 


In the long run, he supposed it was the attitude of him who paid for a machine which 
had the greatest influence on the designer. If the managers of industrial undertakings 
became more aware of the handicaps imposed on their workers, handicaps which were 
reflected in loss of output, in sickness absence and labour turnover, they would perhaps 
demand that machine manufacturers should take more account of human capacities and 
limitations in the design of their equipment. 
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Russian forging journal 


Abstracts from the Russian forging journal — 
Kuznechno - Shtampovochnoe Protzvodstvo, Fuly, 
1960, 2. This ts the second year of this journal 
devoted specifically to forging. We shail try to give 
indications of the contents of future numbers in 
METAL TREATMENT each month. 
Explosion working of metals. V. G. KONENKO. 
Pp. 1-4. 

The method is characterized by the high energy 
capacity per unit volume, the high velocity of move- 
ment of the deforming tool and proportional de- 
crease in its weight, and consequent lightness, 
portability and cheapness of the working equipment 
by comparison with conventional stamping and 
forging machines. 

Testing sheet metal at high rates of deformation. 
Pp. 5-8. 

The forging of heat-resistant steel ingots. F. M. 
VALYAVKIN. Pp. 8-13. 

Difficulties in forging high-alloy, stainless, heat- 
resisting and other alloys are discussed and a report 
is given on research to determine the optimum 
forging technique for 23Cr-18Ni steel ingots. A 
study was made of the plastic properties in the hot 
state, the forging temperature ranges were deter- 
mined, and control of the ingot heating conditions 
was examined. The design of tools and the technical 
forging process were studied. The effect of these 
various factors on the quality of forgings is assessed. 

The process of forming cutting edges (on agricultural 

implements) by plastic deformation. S. SH. YASHAYEV. 
Pp. 13-15. 
In response to readers’ requests further details are 
given of the process described by Noritsyn and 
Yashayev in Kuznechno-Shtampovochnoe Proiz- 
vodstvo, 1960, No. 1. 

A new technical process for stamping piston rods. 
G. S. ZAIKOVSKII, M. I. DYTYNENKO and I. A. FOMENKO. 
Pp. 15-17. 

Investigations of the temperature and rate of working 
as factors in the plastic deformation of metals. N. P. 
AGEEV. Pp. 17-21. 

A description is given of sundry test machines to 
investigate these factors. 

An experimental investigation of a hydraulic screw 
press hammer. YU. A. BOCHAROV. Pp. 22-27. 

Some technical characteristics of the press are: 
nominal force 25,000 kg., maximum pressure of the 
hydraulic fluid (oil) 200 kg.cm.*, producing a 
maximum static force of the hydraulic cylinder of 
5,000 kg.; maximum travel 210 mm. and working 
stroke 15-39 mm.; nominal power of drive motor 
3-8 kVA. with nominal r.p.m. 970. The designs 
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of the press have already been given in Kuznechno- 
Shtampovochnoe Proizvodstvo, 1959, No. 8, and 
the present article describes research carried out 
with the first experimental press. 

A hydraulic damper for crank-drive drawing 
presses. YU. M. BUZIKOV. Pp. 27-31. 
The results are given of testing this device to protect 
the press and forge stock from harmful impact 
shocks. Use of such a damper permits a consider- 
able increase in the speed of running of the press 
and a substantial increase in the productivity of 
shops equipped with such presses. 

Plastic deformations of die base plates of hydraulic 
presses. G. Z. ZAITSEV. Pp. 31-36. 
The article presents the results of an investigation of 
certain laws governing the accumulation of residual 
deformations and methods of increasing resistance 
to these processes ayplicable to such plates in power 
presses. Comparative fatigue tests were conducted 
on hardened and unhardened 5Cr-Ni-V steel and 
medium-carbon ste! specimens at normal and 
elevated temperature by flexure of a fixed specimen 
on a rotating load-f. gue testing machine. The 
effect of the resultant -ssidual stresses is preserved 
at higher temperatur- ‘alling somewhat on heating 
to 450°C. 

Increasing the lif: aston rods of hammers by 
burmshing with rolle: YA. BELKIN. Pp. 36-38. 
Increased resistance fatigue fracture in such 
components is connected with the creation of 
residual compressive stresses in the surface layers 
of work-hardened parts, thus compensating the 
high-tensile stresses in service. Their fatigue limit 
in service may be greatly improved by as much as 
six times by this method of work hardening. 

A new 2,000-ton multi-stage press. V. 1. KHABAROV 
and Ss. M. NEKHAI. Pp. 39-42. 
The new press can exert a specific pressure up to 
130 kg./cm.? on components up to 1,500 « 1,000 
mm., and has 1! stages. Hydraulic operation is 
automatic. The press is described in detail. 

Hammer heads for working tungsten and molyb- 
denum on rotary forging machines. B. S. SEKUN. 
Pp. 42-43. 
The article outlines the use of tungsten and cobalt 
carbide powdered carbides for such heads and their 
method of manufacture. 

Preheating of roll dies. L. N. ZHUBR and N. A. NOGA. 
P. 43. 
A gas torch is described for heating the rotating dies 
on forging rolls. 

Experience in embossing designs on table cutlery. 
A. D, ROVNII and I. K. GROM. Pp. 45-46. 
Fractures of embossing dies are analysed. 
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The forging of titanium 


A symposium on titanium production methods in the aircraft industry was held by 
I.C1I. Metals Division last year at the 1.C.I. Titanium Plant, Waunarlwydd. 
Three of the twelve contributions were specifically devoted to titanium forging and 


are given below by courtesy of I.C.I. Ltd. 


Drop-forging titanium alloys 


J. C. BELL, A.R.Ae.S., and E. LEYBOURNE, A.I.M., A.Met., Firth-Derihon Stampings Ltd. 


FIRTH-DERIHON have had considerable experience 
since the early days of titanium in producing 
different types of component, either as hand 
forging or drop forgings, for the aircraft industry. 
This metal, with its high strength/weight ratio at 
room and reasonably high temperatures, and its 
corrosion resistance, offers the designer many 
advantages, and many components are now being 
called for in titanium and its alloys. 


The production of drop-forged compressor discs 
has been chosen for brief discussion. 


Equipment 

Allowing for the fact that resistance to defor- 
mation is greater than that of typical alloy steels, 
it has been found from experience that the use of 
heavier equipment is advantageous, although 
material displacement must be controlled. Where 
one can be selective, something in the region of 
a 20°,, heavier-type drop stamp assists considerably 
in easing deformation, without giving unduly 
heavy blows. 


Town’s gas-fired furnaces are used, automatically 
controlled both for atmosphere and temperature. 
Cleanliness of the chamber, especially the hearth, 
is essential; if necessary, the bricks are cleansed 
to ensure the most satisfactory conditions. With 
this in mind, a refractory platform of clean fire bricks 
is essential to keep the billets clear of any possibly 
contaminated zone; as the pick-up of impurities 
is rapid, any ferrous scale which may be left in the 
furnace can cause rapid oxidation of the titanium. 


Dies and tools 

Die blocks in steels to standard specifications, 
such as nickel-chrome-molybdenum to B.S.S. 224, 
No. 5, with a Brinell hardness of 302-277 (3-5-3: 65) 
and cut in the oil-hardened and tempered con- 
dition, have been found generally suitable for 
larger forgings. 

When new dies are cut specially for a titanium 
forging, it is desirable to allow proportionate 
die-block sizes larger than when producing steel 
drop forgings of similar form, bearing in mind the 
stiffness of the material, the restricted range of 
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forging temperatures involved and the greater force 
necessary for material displacement. 

In some cases, dies previously used for steel 
drop forgings can be used for producing titanium 
forgings, provided that the surface finish of these 
dies is smooth and clean. However, this is not 
always advantageous, as the general contraction 
allowances for titanium are less than those for steel. 

Impressions fill up smoothly, even though the 
complex forms on the larger components may 
sometimes result in the material moving slowly. 
It is important, therefore, that the finish on the 
dies and tools is smooth, and even on disc dies 
a polishing operation is advantageous. Any tool 
or die sinking marks are reproduced on the relevant 
impression faces, and could be detrimental to the 
forging if not controlled. Where possible, the 
easing of radii, together with more than standard 
taper as necessary, also assist the movement of the 
material and reduce the chances of sticking. These 
precautions have a direct effect on improved die 
life, which is usually less than that for dies used 
for alloy steel drop forgings. 


Forging and stamping 

Fig. 3 shows a compressor disc drop forging 
produced by the author’s company. The outside 
diameter is approximately 23 in., with a rim 
thickness of 1 in. and a diaphragm thickness of 
8 in. The material is I.C.I. titanium alloy 679, 
which can be heat treated to give high-tensile 
and creep figures of 400-500°C., of which more 
details are given later. 

One of these particular discs has been sectioned 
(fig. 4) to show the general form. Radii have been 
formed to ease material flow and the only taper for 
draw in this instance is from the outside diameter 
radii to the line of the flash. An allowance for an 
integral test piece has been made in the centre, 
adjacent to the punched-out portion. 

As regards upending ratios for discs, there is no 
necessity—unless particularly requested by the 
customer—to work to more than 1/1 as even at 
these proportions, allowing for the forms involved, 
there is a considerable amount of material displace- 
ment which produces satisfactory flow in the 
required directions. 

Pre-heating of the machined billet is carried out 
at approximately 700°C., the piece then being 
brought up to 920°C. in preparation for forging. 
It is most important that the transfer from the 
furnace to the forging unit is made as quickly as 
possible, to permit forging over the small tem- 
perature range necessary for obtaining the most 
suitable physical properties. 

Before drop forging in the finishing dies, the 
billets are knocked down into cheeses during the 
forging operation, after which they are slow-cooled, 
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preferably in a suitable furnace. Pre-heating is 
then carried out as necessary, prior to heating to 
forging temperatures for final drop forging. The 
number of heats is kept to a minimum, bearing in 
mind physical properties and the need to limit the 
chance of contamination. 

Usually quite a number of heats is necessary to 
produce a satisfactory drop forging within the 
limits requested by the customer but, in general, 
drop forgings of proportions similar to those on 
the diagram can be considered as practical for 
production, even allowing for increased diameters 
which could be classed as within the limits of plant 
available. 

During drop forging, some forgings require 
punching and trimming at intermediate stages, 
before finally punching and trimming after the 
last heat. The hot trimming, or clipping and 
punching, is clean and is not considered likely to 
be troublesome. A sand or light shot-blast finish 
is usually given before final inspection prior to 
despatch. 

At all stages of production there is need for 
supervision by a competent staff of technicians. 
Full laboratory and metallurgical control is also 
essential throughout the manufacturing cycle. 


Tests 
The disc shown was heat treated as follows: 
} h. at 900°C., air cooled 
Saxe. » =» 
The following results were then obtained on tensile 
tests (fig. 5): 
Tests at the rim and diaphragm positions— 
70 ton/sq. in. 
Centre boss and internal positions —68 ton 
sq. in. 


General 

Fig. 6 shows another disc with a diameter of 
approximately 23 in. thickness at the rim being 
24 in. and at the diaphragm portion j in. In this 
instance, an allowance has been made at the centre 
portion for an integral test piece. The smooth- 
flowing radii can again be seen; these assist in 
easing the material displacement. 

Fig. 7 shows a further batch of discs in titanium 
679, in the as-forged condition. These discs are 
smaller than those generally referred to earlier. 

Temperature control is most important at all 
stages of production, and is essential to ensure 
a satisfactory finished component. In general, 
taking into consideration the lower working tem- 
peratures, the movement of this material can be 
considered as not unlike S. 62 type stainless steel. 
The forgings are, in the main, easier to handle, 
because of the lower density of the material as 
compared with alloy steel. 
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Press-forged titanium components 


E. T. STEWART-JONES, High Duty Alloys Ltd. 


High Duty Alloys has handled a certain amount 
of titanium from about 1952, and during the past 
three or four years has made over 20,000 miscel- 
laneous forgings and around a quarter-million 
cempressor blades. These forgings have ranged in 
weight from 800 Ib. to a few ounces and, although 
not all have been made from I.C.I. material, a large 
proportion of the forging stock has originated at 
Witton. 


Quality of titanium 

Over the past few years the company has 
examined metallurgically at least 200 forgings, 
besides samples representing every batch of stock 
from which forgings have been made. From this 
experience, it can be stated without reservation 
that the quality of titanium has been found to be 
consistently good. This satisfactory experience 
reflects the effort which has been lavished on 
titanium by Ici and others, and it is this sound 
technical foundation which has assured for titanium 
an expanding place amongst engineering materials. 
It is interesting to note that high-tensile steel, 
which has begun to share with titanium the benefits 
of vacuum melting and casting techniques, has 
now become a much cleaner material, with notably 
higher transverse ductility, lower brittle ductile 
transition temperatures, etc. 


Press-forging technique 

This paper is particularly concerned with press 
forging. There are two ways of forging titanium. 
One is to strike it hard enough and with sufficient 
frequency to maintain its temperature within the 
rather limited range in which it is plastic enough to 
move, but without overheating; the other is to 
press or squeeze it at a controlled rate, again so 
that by the dissipation of energy the temperature 
of the mass is kept within the plastic range. 

The word ‘ squeeze’ has been used to suggest 
the action of a hydraulic press, but titanium forgings 
are made also on mechanical and screw-type 
presses. These give in effect a quick dab, in 
contrast to the hydraulic presses which can squeeze 
either quickly or slowly according to whether fed 
by direct-acting pumps or accumulators. Mech- 
anical and screw presses and direct-pumped quick- 
acting hydraulic presses range in capacity from 


around 100 tons up to about 2,000 tons, while the 
accumulator-fed hydraulic presses range up to 
12,000 tons in this country and up to 45,000 tons 
in America. 

It is interesting to consider the potentialities of 
a 12,000-ton press as a tool for forging titanium, 
because this is a relatively unexploited field, and 
we must attempt first to define the sort of forgings 
that such a press could make. 

If a forging can be tackled piecemeal—like a long 
spar, or a rough oversize shape without much form 
—then only a small press is needed to make a large 
forging. At Witton, for example, a hydraulic press 
of only 1,500-ton capacity is used to cog down 
cast ingots weighing up to 2 tons, and by the same 
token a big press could make a relatively huge 
forging. 

When considering a die forging, however, made 
with a single stroke in closed dies to close dimen- 
sional limits (and particularly when the section 
thicknesses are small), then even a press of 12,000- 
ton capacity can make only a moderate-sized forging 
in titanium. To be more explicit—talking in terms 
of aluminium and, with some reservations, steel— 
we find that a specific pressure of about 10 ton/sq. in. 
is needed to make a simple die pressing and a pres- 
sure of perhaps 20 ton/sq. in. for a difficult one. 
With 12,000 tons available, we can make a simple 
die forging of plan area up to 1,200 sq. in., or a 
difficult configuration of up to 600 sq. in. With 
titanium, it may be necessarv to use nearly double 
the specific pressure, which gives a size limitation 
for die forgings ranging in >!an crea from 600-300 
sq. in. for the simple to difficult types. 

These limits have been expressed in very con- 
servative terms to emphasise the difference between 
“close tolerance’ forgings and those on which 
there may be generous machining allowances. For 
example, compressor disc die pressings have been 
made up to 3 ft. dia., with a plan area of 1,000 
sq. in. It must also be noted that we are concerned 


only with the plan area of the material actually 
under pressure, which may be much less than the 
overall area of the component when account is 
taken of cut-outs and other enclosed voids. 
Generally speaking, thick, bulky, ‘ oversize’ die 
forgings are easy whilst wide, thin, ‘ close tolerance ’ 
die forgings are difficult. 


But account must be 
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taken of the means whereby a difficult forging can 
be made easier, for example, by using a series of 
dies (so-called ‘ blockers’ and moulding dies) by 
which the final shape is arrived at in easy stages. 
There is also hope that the future development of 
alloys with higher permissible forging temperatures 
will give titanium the same high plasticity as steel. 

Machining is always costly, and it may be hand- 
somely rewarding to make a pair or possibly a 
series of press dies to produce a press-forged 
component on which relatively little machining 
will be needed, instead of a rough-forged shape 
which is also extravagant in terms of raw material. 
Another advantage of the press-forging technique 
is that ‘t allows the possibility of throwing up 
vertical (or draftless) ribs or flanges, again avoiding 
unnecessary machining time and metal loss. 

A considerable part of the cost of a die forging 
is in the cost of the dies, both in terms of the die 
material and of the time taken to machine an 
impression. Fortunately, the relatively gentle action 
of a hydraulic press allows the use of comparatively 
small shallow die blocks, and the risk of premature 
failure by breakage in service is slight. 


Titanium alloys 

Forgings have been classified into easy or difficult 
types, and the same distinction must be made 
between the various titanium alloys, some of which, 
like 1ct 314A, are admirable for making accurate 
press-forged components, within the 65-ton range, 
to close dimensional limits. The newer, more 
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highly-alloyed mixtures, like EX 013C, are distinctly 
more difficult, and discourage the forger from 
making rash promises about holding close 
dimensions. 

Titanium is in practice not nearly so tem- 
peramental as was at one time feared. It seems 
characteristic of all alloys to give admirably con- 
sistent tensile properties in cut-up forgings, with 
notably high transverse ductility values. Neither 
hydrogen pick-up during processing nor oxygen 
contamination have proved to be serious, and the 
surfaces of forged components on which there will 
be no machining before service can be effectively 
cleaned by grit blasting and acid pickling. Acid 
pickling can also be used in certain circumstances 
to control dimensional limits, the titanium being 
dissolved so uniformly as to leave an acceptably 
smooth surface finish. 

Heat treatment, whether involving annealing or 
quenching, presents no difficulty, though the 
weakness of titanium at the higher heat-treatment 
temperatures may necessitate the use of some form 
of jigging to prevent sagging. 


Ring rolling 

There are now in this country a number of 
installations well suited for handling titanium by 
ring rolling. The company’s own ring roller will 
roll up to 6 ft. dia. and a depth of 10 in., and when 
its full potentialities have been proved it is expected 
to be rolling plain and shaped rings in all titanium 
alloys. 


8 Miscellaneous die forgings in titanium, including large press-forged components and compressor discs ranging from 
17 to 36 in. dia. with 2 in. diaphragm thickness 
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Titanium compressor-blade forgings 


G. O. ECCLES, A.M.I.Mecu.E., Rolls-Royce Lid. 


This paper is a short historical account of the 
experience of Rolls-Royce in manufacturing com- 
pressor blade forgings in titanium and some of its 
alloys. Before dealing with titanium blades in 
particular, and for the benefit of those who are not 
familiar with these engine components, a brief 
explanation of the general principles of manufacture 
might be of value. 

The working part of a compressor blade consists 
of a thin aerofoil section. At one or both ends is 
an enlarged piece for attaching the blade to the 
appropriate engine components. The majority of 
blades, and particularly those in titanium, have 
this feature at one end only and, as far as the 
forging is concerned, it is often of roughly cubic 
shape. It is generally called the root fixing; the 
side of the cube to which the blade is attached is 
called the root platform. The ratio of the area 
of this platform to that of the adjacent blade section 
can vary from about 3:1 to as much as 30: 1. 
This has a considerable influence on the cost of 
manufacture, particularly if there is a platform at 
both ends of the blade. It also largely dictates the 
method of making the forging and the amount of 
tooling required. 

Before attempting to make a blade it is necessary, 
in the interests of material economy and forging-die 
life, to distribute the raw material so that its 
proportions in respect of volumes and cross- 
sectional areas are similar to, but a little greater 
than, those of the finished blade. The forging, 
called a dummy at this stage, is in its simplest form 
form of circular cross-section. This type of dummy 
is also the cheapest to manufacture, as the tools 
required are relatively simple and can be discarded 
as soon as wear becomes troublesome. It is 
produced by hot-working operations, such as 
mechanical or electrical upsetting, from small- 
diameter bar, or by the extrusion of slugs or billets, 
cut from bars of larger diameter. In the latter 
method, now standard practice, it is usual to limit 
the extrusion ratio to about 8:1, so a further 
upsetting operation on the large end is usually 
necessary. At this stage, the surface of the dummy 
is cleaned up either by emery. dressing or by 
centreless grinding, and it is then etched and 
inspected for defects which must be removed 


before forging. 
manufacture. 


Figs. 9-12 illustrate stages of 


Titanium compressor blades 


Our first experience with titanium was in 1950, 
when a small sample of T 150A material was 
obtained from America. This was an alloy con- 
taining about 1-5°,, iron and 2-5°,, chromium. 
From this sample, a few Avon compressor blades 
were made, and subsequent engine performance 
was sufficiently good to encourage the designers to 
make a much wider use of the material in later 
designs of engine. 

In 1951, about 400 Ib. of small-diameter titanium 
bar was received from the Titanium Metals Cor- 
poration of America and also the first sample batch 
of hot-rolled T 75 material produced in this country 
by ic1. These materials were used for eight rows 
of blades in the high-pressure compressor of the 
prototype Conway engines. The iron-chromium 
alloy was used for the rotor blades and the com- 
mercially pure material for the stator blades. 


Not unexpectedly, a number of problems arose 
with both materials. For instance, the American 
material had been heavily cold worked and a number 
of pieces split from end to end on being dropped 
on the floor. Subsequently, coarse grain and 
cracking troubles were experienced, probably a 
result of cold working the bar material. On the 
other hand the commercially pure material, also of 
small diameter, caused trouble because of rolling 
defects and internal faults associated with the 
manufacture of the ingots. The dummies for these 
blades were made by the electrical upsetting method 
and were forged into blades in one operation, this 
being dictated by the relatively small size of the 
blades in question. Another feature of these blades 
was their maximum thickness, which at 50 mils 
was considerably less than the sample Avon blades 
previously mentioned, so that they were inherently 
more difficult to forge. Furthermore, the infor- 
mation available at that time was that a forging 
temperature of 800°C. should not be exceeded, 
and these facts, together with difficulties of lubri- 
cation, resulted in a considerable amount of die 
trouble. Severe abrasion and local welding 
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11 Blade forgings before trimming 


occurred, and collapse of the die impression owing 
to overloading was extremely rapid. 

Increasing the hardness of the forging dies 
produced some improvement, but it was thought 
that the greatest gain would be obtained if means 
could be found to forge the material at a higher 
temperature. An active search then proceeded in 
an effort to find a method of protecting the surface 
of the dummy during the heating period. A 
successful method would also have to provide 
a barrier between the titanium and the die and 
preferably act as a lubricant as well. Many electro- 
plated coatings, including nickel and silver, were 
tried and, although both were used in a considerable 
number of blades, neither was fully satisfactory. 





10 Typical dies 





12 Forging set-up 


Amongst the non-metallic coatings investigated 
was a glass one and, as this seemed promising, 
a number of samples of different composition were 
obtained for trial purposes. These glasses were 
intended to fuse into a continuous protective film 
at a fairly low temperature, whilst having the 
necessary properties at the forging temperature. 
The method of application was to reduce the glass 
to a fine powder by milling and to suspend it in 
alcohol. The surface of the dummy was prepared 
by blasting or etching to provide a key, and it was 
then immersed in the liquid and the coating 
subsequently air dried. One drawback was that 
careful handling was necessary until the glass 
particles fused. 
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A later improvement was to incorporate the glass 
powder in a lacquer and apply it by spraying. 
When dry, the dummies could then be stored until 
ik Was convenient to forge them. Sometime 
afterwards, however, a proprietary brand of glass 
dispersion of much smaller particle size became 
available. This gave better coverage and adhesion 
and variation of this product has been used ever 
since. It was, of course, still necessary to use the 
normal forging die lubricants and for this purpose 
semi-colloidal graphite in white spirit or water 
proved suitable. 

Towards the end of 1951, it became apparent 
that there would be advantages, from the point of 
view of both material supply and forging manu- 
facture, if a change could be made to a larger size 
of bar. This would necessitate the manufacture 
of the dummies by extrusion on crank or friction 
screw presses and a sample of material was obtained 
to enable us to explore possibilities. After a 
number of failures, it was found that the operation 
was quite practicable providing some form of 
surface protection was employed to prevent the 
billet welding to the die. The normal die lubricants 
alone appeared to be inadequate for this purpose. 
As the extrusion temperature was limited to 850 , 
nickel plating was fairly satisfactory and has been 
used ever since. 

Extrusion, therefore, became the standard method 
of dummy manufacture and arrangements were 
made for the bar to be supplied to us in the centre- 
less ground condition ready for cutting to length. 
This arrangement also minimized trouble from 
surface defects caused during rolling or extrusion. 
Cutting the larger size of bar into slugs was trouble- 
some at first because the abrasive wheel method 
employed caused damage and cracking of the cut 
surfaces. It was necessary to remove the damaged 
layers by emery dressing or turning, and this added 
considerably to the cost of manufacture. This 
trouble was finally overcome by rotation of the 
bar stock whilst cutting with a 0-06-in.-thick 
abrasive wheel, an old lathe being converted for 
the purpose. 

Apart from ingot defects, the main trouble with 
early T 75 material was the fact that, owing to 
design considerations, only the harder batches of 
material were acceptable. It was found sub- 
sequently that a number of the selected batches 
were deficient in ductility after the various blade 
forging operations had been carried out, and many 
forgings were lost in this way. Fortunately, this 
trouble was cured by the introduction in 1954 of 
the 14°., aluminium manganese alloy which satis- 
fied design requirements as regards tensile strength 
and ductility for all existing blades. Consequently, 
as soon as adequate supplies of the new alloy 
became available, the commercially pure material 
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was abandoned. Many thousands of blades have 
now been made from this alloy and it is still specified 
wherever its properties are suitable. It has been 
the least troublesome of any of the titanium alloys 
of which we have had experience. 

Unfortunately, however, the design of aircraft 
engines cannot remain static, and it was not long 
before the designers were looking for alloys of 
even higher strength weight ratio. The first of 
these from which any quantity of blades was made 
was an alloy containing about 5°,, aluminium and 
2-5°., tin. This material had its own peculiarities 
but, since it was not used for compressor blades in 
production quantities, suffice it to say that these 
were to a large extent overcome by increasing the 
forging temperature to 1,040 C. and doing a large 
amount of work by forging to size in one operation. 

A more recent development is the titanium 679 
alloy which is of even higher tensile strength. It 
contains 11°,, tin, 5°,, zirconium, together with 
some aluminium and molybdenum. This material 
also has its own peculiarities and the best way of 
dealing with these is not fully established at the 
present time. 


Finishing operations 

After completing the forging and removing the 
excess material by hot trimming, a number of 
operations have to be carried out in order to bring 
it to the required standard of quality. These 
operations are mainly concerned with the blade 
form, the adjacent root platform and the fillet 
radius which connects the two. They include 
inspection for material and forging defects, and the 
removal of any such defects together with the thin 
layer of poor ductility which results from the 
various heating cycles. Forgings always carry an 
allowance of 0-005 in. per face to permit this. 
Defects are removed by dressing with emery tapes, 
bur other methods such as wet or dry blasting, 
electro polishing and chemical etching are also 
employed. 

In conclusion, it may be said that the manufacture 
of compressor blades in titanium is now a well- 
established process and that, whilst the metal, 
particularly some of the newer high-strength alloys, 
has its cwn peculiarities, the actual cost of manu- 
facture compares favourably with that for the 
more common metals. It will be evident, however, 
that, owing to the high cost of the raw material 
and the low scrap value, the total cost of the blade 
is affected to a considerable degree by losses at the 
various stages of manufacture. Although such 
losses are inevitable and normally accepted in the 
case of low-priced materials, every effort must be 
made to keep them to a minimum in the case of 
titanium blades. 
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Close-to-form and close-tolerance 


forgings 


‘Modern trends in the manipulation of metals’ was the theme of a conference held 


at Brighto.: last October by the Institution of Productien Engineers. 


The present 


article is the second in the series on precision forging to be published in METAL 


TREATMENT. 


It ts based on the talk given by Mr. E. W. Peel, manager, Forgings 


Division, High Duty Alloys Ltd. 


THE FORGING INDUSTRY faced a period of change in 
the 1960s which will be as important as the changes 
in other long-established industries, brought about 
by the revolution in thinking whic> is now taking 
place in production engineering. During the last 
five years, forging engineers have realized the need 
to develop techniques to improve accuracy and 
surface finish in order to eliminate machining of 
forgings wherever possible. Machining techniques 
have advanced to such an extent that setting-up 
time is the major factor and the production engineer 
does not worry too much whether he has to remove 
0-05 in. or 0-15 in. of the metal. It therefore 
became obvious to forging engineers that there was 
no virtue in getting fairly close to producing a 
forging which still required machining. The only 
way to expand the forging industry in the face of 
other competitive methods was to eliminate 
altogether the need for subsequent machining. 

Over 34,000 tons of steel drop forgings were 
supplied during the month of June, 1960. The 
vast majority of these were forgings conforming to 
the standard dimensional tolerances of the National 
Association of Drop Forgers and Stampers, which 
control dimensional variations for thickness, die 
wear, offset, etc., within fairly close practical 
economic limits. These forgings satisfy a very 
substantial part of the market and are generally a 
first-class product. 

There is a requirement, however, in an expanding 
field to do something more than standard die forging 
practice can offer and this is partly recognized in 
the NADFS. Notes on tolerance, where reference is 
made to closer-to-form forgings. The aircraft 
industry, for example, demands weight control on 
large forgings much closer than normal standard 
tolerances allow. Many of these requirements have 
been met without departing from conventional 
forging practice by exercising a much greater 
degree of control in the accuracy of die impressions, 


control of temperatures and ‘ use ’ shapes to reduce 
the thickness and offset variations in the forging 
operations. This has been particularly so in the 
case of aluminium-alloy forgings, where problems 
of surface deterioration due to scaling, decarburiza- 
tion, etc., are not encountered. Much progress has, 
therefore, been made in the control of aluminium- 
alloy forgings. 


High-temperature materials 

The problems encountered in making close-to- 
form steel forgings are more difficult to overcome; 
die impressions tend to lose accuracy more quickly 
due to the erosion and collapse of the die steel in 
deforming metal heated to temperatures of 900- 
1,100°C. If high-temperature forgings are not 
protected during heating and forging, scaling will 
result and surface condition will not be adequate to 
meet the needs [ precision work. Much thought 
has been given to overcoming these difficulties. 

The aim is to produce forgings in high-tempera- 
ture materials, such as steel, Nimonic and titanium, 
comparable in every way to the dimensional and 
surface quality of the forgings which have been 
produced in light metals. 

Fig. 1 shows one of the largest die forgings 
produced in the United Kingdom. It is a main 
undercarriage comp nent supplied to Dowty for the 
A. V. Roe Vulcan aircraft. The overall length is 
84 in., weight 932 Ib. and the thickness tolerance is 
controlled to +0-1 in. - <0-001 in. This forging 
is machined in bores and on mating surfaces only. 

In fig. 2 may be seen a fin for Armstrong Whit- 
worth Aircraft in Hiduminium R.R.58 (DTD.731). 
This is not machined on the two sides, which each 
have three facets. The edge thickness is 0-06 in. 
and the centre 0-9 in. The overall length and width 
is 24 in. » 14} in. respectively; thickness is held 
to 0-025 in. 

Apart from dimensional control the problem of 
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1 Main under- 
carriage component! 
for Avro Vulcan 
aircraft 





distortion in heat treatment and subsequent slotting 
had to be overcome by using modified heat-treat- 
ment methods, 7.e., quenching in oil. By using 
fixtures to support the edges during the heat treat- 
ment, freedom from distortion and internal stress 
has been achieved. This is demonstrated by the saw 
cut which is part of standard release procedure for 
these components. No closing or opening of the 
saw cut is permitted. 

Control fins in steel $.96 for De Havilland are 
illustrated in fig. 3. The tapered control surfaces 
are forged, allowing 0-017 in. grinding allowance 
on both faces. The edge thickness is 0-055 in. 
minimum, thickness tolerance +-0-015 in., overall 
length and width 10 in. » 34 in. maximum. 

Fig. 4 shows a forging in S.96 for Rolls-Royce 
Ltd. This forging is too large in steel to achieve the 
elimination of machining, but by careful control the 
amount of machining has been reduced to 0-093 in. 
on depth and 0-15 in. on plan view. 

The forgings shown in figs. 1, 2 and 4 were 
produced using the 12,000-ton hydraulic forging 
press. The steel control fin (fig. 3) was produced on 
an 800-ton screw press. These forgings illustrate 
current practice using conventional methods and 
indicate the progress made in the reduction or 
elimination of machining. 


Progress in forging technique 


Conventional forging process There are other 
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outstanding examples of close-to-form and close- 
tolerance forgings in aluminium and steel which 
have been made by advanced methods, but within 
the description of conventional die forging. In 
these forgings there has been a requirement to 
hold the die closure and die form errors within a 
few thousandths of an inch. These forgings are 
generally smaller in size than those previously 
mentioned. 

The classic example in this field is the forged-to- 
size compressor blade for gas-turbine aero-engines. 
The need to depart from conventional machining 
methods arose when the first experimental com- 
pressors were released for production 20 years agc. 
The blade form was a curved aerofoil shape, tapered 
in thickness from root to tip. To machine such a 
shape would have involved the development of 
special-purpose machines resulting in delays and 
involving costly investment of capital. The problem 
was, therefore, handed to the forging engineer. 

Entirely new concepts of accuracy of die sinking 
were involved, die impression errors being held to 
less than 0-001 in. Projection methods were 
installed for checking and a special complex tech- 
nique has been developed to control accuracy of 
forgings throughout the manufacture. 

The first precision-forged blades were in alu- 
minium alloys but blades are now also precision 
forged in stainless steel, titanium alloy and 


Nimonic alloys. 
Many millions of blade forgings have been made 
and the process is still supplying the vast majority 
of the blades now being used. Table | indicates the 
tolerances which can be held in various materials 
on blades from 3-6 in. long. 
In order to 


inspect dimensionally, special- 
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purpose inspection equipment has been developed. 
Methods of checking in current use are: (1) liqui- 
column air-operated checking fixtures; (2) projec- 
tion methods which scan the aerofoil profiles; and 
3) conventional fixtures using dial indicators for 
measuring twist, bow and offset. 

The checking of surface condition of blade 
orgings is a highly critical operation, as the surface 
nas to be completely free from inclusions, small laps 
and hair-line cracks. Apart from control of shape, 
the surface finish for blade forgings is generally held 
to 17-20 micro-in. This is achieved by electrolytic 
polishing, followed by anodizing in the case of 
aluminium alloys. 

To achieve the surface smoothness required in 
the case of stainless-steel blades, steps are taken 
to protect the forgings during heating to forging 
temperature (1,140°C.) and during forging. Various 
methods are used, e.g., controlled furnace atmo- 
spheres, plating with various other metals, the use 
of special lubricants, e.g., colloidal glass. 

The resultant product passes the very stringent 
inspection processes which the aero-engine industry 


4 Forging in 8.96 
for Rolls-Royce 





TABLE | Blade tolerances 


























Angular Profile 
Blade length Thickness (inches Disposition displacement tolerance 
(inches in. 1-in. length degrees inches 
Hiduminium ~ 0-005 0-002 0:0015 to 
3 Steel and titanium 0-007 4 give smooth 
surface 
7 Hiduminium 0-008 0-002 j 0-002 
Steel and titanium 0-010 
12 Hiduminium 0-012 0-002 j 0-003 
Steel and titanium 0-015 
16 Hiduminium 0-018 0-002 4 + 0-004 
Steel and titanium 0-025 





The foregoing is given as a general guide only and different tolerances may be applied to blades with special 
characteristics. 


demands. Methods developed under these condi- 
tions have now been applied to other forgings and 
eliminate machining. 

Limitations of conventional forgings Although 
much progress has been made, there are limitations 
in shape, tolerance, etc., which cannot be avoided 
by the conventional method of forging between two 
dies. These limiting factors can be summarized 
as follows : 

1. The need to fill up undercuts; 


2. Draft angle must be allowed to enable removal 
from dies ; 
: 3. Fillet radii cannot be reduced beyond certain 
5 S56 a'pe «limits, compatible with the internal shape of the 
Havilland forging ; 
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4. Die design must avoid weak projections and 
features which result in die failure; 

5. Die-closure tolerances must be allowed, and 
variations can be expected within these tolerances ; 

6. Die wear results from the movement of metal 
over the die faces into the scrap gutter. 


New approaches to forging problems (light 
alloys) 

Split die forgings In order to overcome these 
limitations, much thought has been given to tool 
design and to developing different forging machines 
such as hydraulic or mechanical presses having 
side-acting rams. The ‘ hot brass ’ pressing industry 
has used side-acting tooling for many years to 
make forgings such as water taps and valves. This 
approach has been developed on a much larger 
scale in the United States by the Cameron Iron 
Company, who have installed an 11,000-ton 
hydraulic press with two 6,000-ton side-acting 
rams. They use these for the manufacture of large 
hollow forgings in steel for the oil well and similar 
industries. 

This approach is now being applied to many 
forgings in aluminium and magnesium alloys with 
great success. 

The advantages gained are: (1) die-closure 
tolerances are dependent only on how tightly the 
dies are held together during forging; (2) undercuts 
can be produced; (3) die wear can be reduced 
because of minimum metal flow; and (4) flashline 
effects (grain) are greatly reduced. 

Fig. 5 shows typical samples of split die forgings 
and fig. 6 shows a pump body forging being 
removed from the tools. 

Enclosed die forgings This method also has been 
developed for aluminium and magnesium alloys. 
In this process the metal is totally enclosed in the 
dies, the punch member sealing off the cavity. On 


5 Typical examples of split die forgings 
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6 Pump body forging being removed from the tools 


the descent of the punch the metal is forced to flow 
into the various cavities in the top and bottom 
members of the die. The only escape for the metal 
is provided in the form of vertical vents of small 
cross-section, thus the control of volumes is 
extremely important. Forgings without draft and 
flash-line effects can be produced by this method 
with small fillet radii. 

Errors of shape are limited only by the accuracy 
of the impressions of the top and bottom members. 


7 Enclosed die forgings in aluminium alloys 
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8 Sole-plate in titanium alloy 


Die-closure tolerances are, however, still required 
but can be held to approximately +-0-02 in. 

In the case of the single-sided impeller shown in 
fig. 7, the important form is on one side only so 
that the base is usually thickened up and the require- 
ment is to achieve fully-made-up fins. The base is 
reduced to final thickness by 2 simple turning 
operation. Dimensions achieved on this impeller 
are: Vanes: thickness + 0-003; disposition 0-005. 
Variation on faces between vanes: 0-004. 

The impeller type of component is especially 
suited to this type of technique as the various dies 
and punches can be finished by turning and grind- 
ing. Other plan shapes can be accommodated but 
should be kept to relatively simple geometric forms 
such as rectangles with minor variations. 

The limit in plan area is governed by the size of 
the press available and the web thickness required. 
The largest practical area at the moment is 150 
$q. in. with a web thickness in this case of 0-375 in., 
needing a pressure of 3,000 tons. 

One of the features of this process is the die life 
that has been achieved. In the case of the buckle 
component illustrated, the die life has reached 
200,000 forgings. 

Cold forging (light alloys) This technique is 
receiving much attention at the present time due to 
the accuracy which can be achieved (0-0005 in.) 
and the resultant possible savings in material and 
in machining hours. In the case of aluminium 
alloys, the cold impact extrusion technique is the 
standard method of making collapsible tooth-paste 
tubes and similar articles, many hundreds of 
thousands weekly. The process is being applied to 
thicker-walled components, and there are also 
various developments of the process in the steel 
industry which will be touched upon later. 

Internal and external keys and keyways can easily 
be provided with stepped bores and formation on 
the base of the extrusion. Tolerances on internal 
and external diameters of 0-0005 in. can be 
achieved. The surface condition is excellent, being 
brightly polished. 

In the process, a cold slug of metal is placed in 


metal treatment 
and Drop Forging 


the container and the punch is forced into this slug 
causing the metal to extrude back over the punch, 
and sometimes forward into a die cavity. In impact 
extrusion the punch travels at a high speed, and the 
extrusion operation is completed in a fraction of a 
second. Cold-forging operations can, however, be 
carried out at slower speeds, for such operations as 
upsetting and heading. Stresses in tool members are 
high at the point of impact and tool strength and 
finish are therefore critical. For cold-impact ex- 
trusion, special-purpose presses have been de- 
veloped which have very robust frame construction 
and sturdy punch guides. 

The process is suitable for production runs of 
10,000 upwards, bearing in mind the cost of tool 
manufacture and development, and setting up costs. 

Aluminium alloys are well suited to the cold- 
forging process and an increasing range of com- 
ponents is being produced economically by this 
means. 

Progress in close-to-form forgings in steel and other 
materials Much attention is being given to the 
development of both hot and cold methods of 
forging which will produce clean, precise steel 
forgings. Compressor-blade forgings are currently 
being produced close-to-form in stainless steel, 
Nimonic and titanium alloys to a degree of accuracy 
and surface finish which compares favourably with 
that produced in aluminium alloys. 

Fig. 8 shows a sole-plate in titanium alloy. The 
edge thickness is held to 0-035 in. +0-015 in.- 
<0-001 in. Due to the curved form this would be a 
difficult machining operation and close-to-form 
forging has proved to be a very convenient method 
showing as it does a considerable material saving. 

Cold forging (steel) Cold forging in steel is be- 
coming increasingly important and many com- 
ponents for the automobile industry formerly 
finished by machining are now being made more by, 
or planned for, this process. The extrusion tech- 
nique is being applied to hollow components, but in 
addition such items as small gears and splined 
components are being successfully produced. 
Several suppliers of forgings to the automobile 
industry have already set up production lines of 
special plant for cold forging, and the automobile 
manufacturers themselves are introducing cold- 
forging presses into their production lines. 


The plant required for these operations is usually 
specially designed or adapted, but it is possible to 
use conventional presses for some operations where 
speed of deformation is not important. The auto- 
mobile manufacturer seldom requires the highest 
speed equipment, as this is usually in excess of the 
hourly requirement. One leading company is 
purchasing simple presses specially designed to 
make one component per press, at the speeds the 
production line requires. 
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The supplier to the industry, however, is in- 
terested in the high production rates which the 
advanced press equipment now available can offer— 
at a correspondingly higher capital investment. 

Tool design and know-how is very important in 
the successful development of this process, as the 
stresses set up at the point of contact are greater. 
Tools are generally made in 12°,, chromium, 2°, 
carbon hardened to 57-58 Rockwell C and finished 
to a smoothness of 4 micro-in. 

Preparation and lubrication of slugs is important 
and various special treatments such as phosphating 
followed by impregnation with various lubricants 
have been developed. Great savings in materials 
are possible as waste in machining chips is largely 
avoided. 


Future trends 

In looking into the future, trends of development 
are already apparent. On the one hand more 
advanced methods will be used to make close-to- 
form forgings in the cheaper carbon steels, e.g., 
cold forging, with resultant savings in material, 
time, machines and factory space. 
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On the other hand, newer and more difficult 
materials are being specified which are becoming 
increasingly difficult to manipulate by conventional 
methods. Materials such as the latest Nimonic 
alloys, beryllium, zirconium, molybdenum and 
many other new materials will be handled in the 
next decade. 


New methods are being developed in order to 
deform these metals, which show great promise in 
the precision and accuracy which can be attained. 
Very high speed, high energy rate, methods are 
being developed by Convair in the U.S.A., using a 
new machine called the Dynapak. This machine 
can deliver accurately controlled energy up to 
450,000 ft. Ib. at velocities up to 2,000 in. sec. 


Another process under development uses an 
explosive charge to provide the energy for 
deformation. 

With the advanced methods becoming available, 
profound changes in manufacturing technology may 
be expected in the near future, offering the designer 
new freedom in shapes, and the production engineer 
the accuracy he has long required. 


Reflectors save heat during forging 


THE PRIMARY CAUSE of heat loss from forgings at 
temperatures above 800 C. is radiation, and it 
should therefore be possible to reduce this loss by 
reflecting the heat back on to the forging. 

Experiments in BISRA’S Sheffield laboratories have 
shown that by surrounding a hot bar with a polished 
aluminium tube the rate of cooling, during forging, 
could be reduced by a factor of one and a half. This 
means that a forging which would normally require 
three heats could be completed in two—a con- 
siderable saving. 

In the research the reflecting material was formed 
into a tube completely surrounding the bar to be 
tested. Three materials—aluminium sheet, stainless 
steel and mild steel sheet—were tried; aluminium 
was proved to have better reflectivity, and to retain 
its reflectivity longer and at higher temperatures 
than the stainless steel; if it were raised to a 
temperature above 300°C., the stainless steel 
oxidized quickly, became dull and lost its efficiency 
as a reflector, whereas aluminium could be raised to 
a temperature of 600°C. without noticeable de- 
terioration. The reflectivity of mild steel was 


inferior to the two other materials. 

The diameter of the reflecting tube determines 
the temperature of the reflector, and it also has an 
important effect on the conservation of heat in the 
forging: the smaller the diameter, the slower is the 


loss of heat. For this reason the ratio of tube 
diameter to bar diameter was tabulated in several 
experiments, and it was found that for aluminium 
sheet a tube about twice the diameter of the forged 
bar gave optimum heat conservation consistent with 
maintaining the reflectivity of the tube. 

Forging experiments, with and without reflectors, 
were made on the BISRA experimental forge, and the 
results compared. The ingots used were of 8-in. 
square section. On the free side of the press the 
shield was an aluminium tube of 15 in. diameter; 
on the manipulator side a tube was made up of 
segments with a radius of 9} in., so that segments 
could be removed as the manipulator was moved 
into the press after cach forging pass. The overall 
diameter of 19 in. on this side allowed the manipula- 
tor gripping jaws to be entered inside the shield. 


Packaged boilers installed in new Wiggins’ factory 


Largest single-packaged boiler installation in this country 
has just been completed by G.W.B. Furnaces Ltd., 
Dudley, Worcs. It is part of a multi-million-pound project 
being carried out by Henry Wiggin & Co. Ltd. at their 
Hereford Works where five Model 600 Powermaster 
packaged boilers have recently been put into service. 
The new factory, which covers an area of some 52 acres, 
will absorb Wiggin companies at present based in Scotland 
and Birmingham. The new boilers will mainly be used 
for space heating, though a little steam will be raised for 
process work. 
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Effect of carbide stringers on the distortion 
of die steels during heat treatment 


K. SACHS, Px.D., M.Sc., A.LM. 


The causes and mechanism of distortion of die steels during heat treatment, the 
influence of the structure of the steel and in particular the part played by carbide 


stringers, are studied. 


The author is Head of Research Metallurgy Section, 


G.K.N. Group Research Laboratory, Wolverhampton, and his article will be 


continued in future issues 


continued from last month 


JHE DISTORTION of the specimen is the resultant 
of the interaction of a number of factors: tem- 
perature gradients during quenching, variations in 
the amount of retained austenite in different 
zones, and differences in the anisotropic dilatations 
of adjacent zones. It was not possible to determine 
the influence of each factor separately, but the two 
main causes of distortion, the geometry of the 
specimens and differences in carbide structure, 
could be distinguished by a careful analysis of the 
distortion behaviour. In most cases specimen B 
had a uniform structure throughout and was 
expected to distort only slightly, under the influence 
of geometrical factors. Specimens A and C, on 
the other hand, consisted of zones of different 
tructure and differential dilatation behaviour was 
-xpected to play a much greater part in their 
distortion; moreover, they were disposed in such a 
manner, relative to the different zones in the forged 


TABLE 6 Distortion figures after oil quenching from 960°C 





bar, that they distorted in opposite directions. In 
some billets specimen B showed appreciable 
distortion but that was generally associated with 
penetration of the finer carbide structure into the 
central zone. Another cause of severe distortion in 
specimen B is the presence of very coarse segregate 
particles in the internal corner where the change in 
section occurs. This is illustrated in fig. 29; the 
carbide structure in the dendritic and segregated 
zones are compared in figs. 30 and 31. Such a 
sharp change in structure at the point where it has 
most effect on the bending of the specimen naturally 
finds its expression in an abnormally high distortion 
index. 


Vertical and horizontal quenching'>: *” 

It is generally recommended that long pieces of 
steel should be quenched vertically to reduce 
distortion. It is often convenient, however, to place 
heavy dies flat on a perforated plate which is then 
lowered into the oil bath by means of a chain and 


Distortion 





Fig. 26) Specimen 




















Furnace Quench 
_ —— Fig. 27) 
1 2 3 4 5 Specumen D 

Salt bath Vertical 6-1 4-6 5-9 —6'4 4:0 1-4 
Tube furnace - 2-9 9-2 3-4 —45 10-0 
~ “0 5-5 6-2 7:3 —5-1 77 
+49 5-7 6-8 —o 9 2-8 

(Mean 4-4 7-0 5°8 —5°5 6-8 6-4 
- Horizontal 3-0 5-5 4:8 —2-1 2-8 
99 ~ +2: 3-0 5-7 —6°9 5-8 

(Mean) +2:6 4:7 5-3 —4:5_ 4:3 &-1 
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29 Coarse 
pecimen B 


segregate at internal corner of distortion, 


pulley block. The response of ‘ simulated dies ’ to 
vertical and horizontal quenching was tested on the 
angle and T-sections and on one specimen (type D 
of the alternative design. The specimens were oil 
quenched from 960°C. and the distortion figures 
are summarized in Table 6. 
The effect of quenching direction is negligible. 
Che greatest difference is between hardening from 
alt bath and a tube furnace, which points to the 
t of even small longitudinal temperature 
‘ations, an effect to which type D is, of course, 
ore susceptible than the old type of specimen with 
10 Change of section along the length. The latter 
specimens show a little less distortion in horizontal 
than in vertical quenching, but the difference is not 


30 Carbide structure in dendritic zone of 29 100 
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significant in view of the large scatter. The ‘ new’ 
specimen has distorted a little more in horizontal 
than in vertical quenching but the effect is marginal 
compared with that of the hardening furnace, and 
this, in turn, is much smaller than others to be 
discussed in later sections. 

It can be concluded that for comparatively light 
sections like those employed in these experiments, 
it makes little difference how they are immersed 
in the quenching tank. Heavier dies and com- 
ponents may, however, be much more sensitive to 
quenching methods. 


Non-uniform hardening temperature''. *° 

Distortion specimens of both designs were 
quenched from uniform and linearly varying 
hardening temperatures. In order to impose a 
linear temperature gradient a special furnace was 
constructed. It consisted of a mullite tube, 2} in. 
dia. and 2 ft. 6 in. long, with a special winding and 
circuit intended to give a uniform temperature over 
8 in. at least, as well as the possibility of imposing 
an accurately controlled temperature gradient over 
this length. The tube was gradient wound over 
the central 14 in. with 16 s.w.g. Brightray wire, 
varying from 10 turns in. at the ends to 5 turns in. 
in the middle. 

The circuit, illustrated in fig. 32, is a modification 
of Weaver’s'® creep test furnace. The mains current 
passes through a potentiometric temperature con- 
troller which records the readings of two thermo- 
couples, in the centre and at one end of the 8-in. 
heating zone; one of these thermocouples actuates 
the control relay which switches the current on and 


31 Carbide structure in segregated zone of 29 100 
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off to keep the furnace temperature within + 7°C. of 
the setting. The current is reduced to a maximum 
of about 10 amps by a Variac transformer, whose 
output is connected to the furnace winding, which 
is split into three sections. The two outer sections 
are connected in parallel, the current being supplied 
rom the Variac through an adjustable rheostat 
ised as a potentiometer, so that movement of the 
sliding contact adjusts the proportions of the total 
current passing through the two outer sections. 
The central section, which is wound in two parts, 
is in series with the two outer sections and the 
current is controlled by a shunt resistance. This 
arrangement of the windings and tappings has the 
advantage that there is no potential difference at 
any of the joints in the split winding; thus there is 
no danger of sparking and no need for large gaps 
at these joints. 


The thermocouples are threaded in four-hole 
insulator beads, with the hot junctions 4 in. apart; 
they can slide in a mullite sheath so that the tem- 
perature at any point along the 8-in. heat-treatment 
zone can be recorded. It was found that the 
temperature variation over the 8-in. zone could be 
held down to 3°C.; better results might be antici- 
pated from a furnace with a longer winding. The 
same accuracy was maintained in treatments with 
temperature gradients of 20°C. and 50°C. applied 
over the 8-in. specimen; steeper gradients were 
more difficult to control and could not be con- 
sistently reproduced in treatments on different 
specimens. The rather wide fluctuation with 
time was not thought likely to affect the distortion 
in heat treatment. 


Although the tube diameter was just large 
enough to take all the specimens at once, the heat 
capacity of the furnace was so low that the removal 
of a specimen for quenching affected the tempera- 
ture considerably and it took some time to settle 
down again. The specimens were therefore 
hardened separately. Some hardening treatments 
were carried out in a neutral salt bath which was 
also used for the martempering experiments 
described later. 


Hardening treatments were carried out with 
uniform temperature distribution, and with gra- 
dients of 20°C. and 50°C. over the 8-in. length of 
the specimens. The effect of reversing the gradient 
was studied on the type of specimen shown in fig. 
27; the thick and thin ends of the specimen were at 
the higher temperature in different quenching 
treatments. The results are presented in Table 7. 


The influence of the temperature gradient on the 
distortion of the angle- and T-sections was less 
than the random fluctuation in distortion figures. 
The design of the specimen was modified to make it 
more sensitive to longitudinal temperature gradients 
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32 Circuit diagram of gradient furnace 


and the new type of specimen responded quite 
sharply to such hardening conditions. 


The results for this type of specimen quenched 
from the salt bath, where the temperature dis- 
tribution is as uniform as one can reasonably hope 
for, is characteristic of the distortion behaviour in 
this test. Specimen B, which distorts predomi- 
nantly under the influence of geometrical stresses, 
shows very little distortion, while specimens A and 
C distorted 0-014 in. and 0-012 in. respectively in 
opposite directions. When such specimens are 
quenched from a temperature gradient falling by 
50°C. from the thin end to the thick end, specimen 
B distorts appreciably, the distortion of specimen C 
is practically doubled, while the negative distort)on 
of specimen A is virtually cancelled. ‘The simplest 
way of expressing the effect of the gradiem uarden- 
ing is in terms of a positive distortion component of 
0-012 in. to 0-015 in. added to the distortion figures 
associated with quenching from a uniform tem- 
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perature, so that the resultant distortion is given by 
the figures in Table 7. 

The effect of quenching from the same gradient, 
but with the thick end at the higher temperature, 
was broadly similar, although the separate distor- 
tion component attributable to gradient hardening 
showed rather more variation from specimen to 
specimen. The treatment in the works furnace also 
gave roughly similar results. 

Quenching a specimen with one end appreciably 
hotter than the other causes it to distort and this 
distortion is superimposed on that due to other 
causes, including that due to the carbide distribu- 
tion. The final dimensions are the resultant of all 
the distortion components due to various causes. 

The actual cause of the distortion produced by 
quenching from a temperature gradient was 
established experimentally by a process of gradual 
elimination of possibilities. The possibility that a 
gradient of quenching stresses was responsible was 
checked by testing a ferritic specimen, cast in an 
electrolytic iron to the same shape as the distortion 
specimens in fig. 27 and an austenitic specimen 
cast in 18 8. After quenching from the usual 50 C. 
temperature gradient the distortion index for 
ferrite was + 1-0 and for austenite -1-7. Evidently 
thermal stresses alone cause only negligible dis- 
tortion and transformation stresses must play an 
important part. 

The effect of pure transformation stresses in the 
absence of any influence due to carbides was 
checked on cast specimens with analyses roughly 
resembling the matrix composition of the high- 
carbon high-chromium die steel; in one of them a 
little carbide was found in the structure, while the 
other contained no primary carbide. The distortion 
of these specimens was roughly similar to that 
found in specimens cut from forged bar and 
quenched from a temperature gradient. 

The amount of retained austenite in various 
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positions on gradient-quenched specimens was 
estimated by means of X-rays on specimens cut 
from forged bars of the die steel and on specimens 
cast in the ‘ matrix ’ composition. The carbide-free 
specimen had no retained austenite, the one with a 
little carbide had about 7°,, at the hot end only 
while the die steel specimens varied from 11-16%, 
at the cold end to 18-29°,, at the hot end. 

Since distortion due to quenching from a gradient 
is independent of the presence of carbides or 
retained austenite, but only occurs in material that 
passes through the y= transformation, we can 
reasonably attribute it to transformation stresses. 
The cold end of the bar reaches the M, temperature 
first and the martensite transformation travels 
along the length of the bar. Complex stresses are 
set up in the area where the section changes sharply 
and distort the specimen severely. 

The practical conclusion is that the temperature 


distrib in the hardening furnace should be 
unifor: Chis may appear a little obvious—it 
hardly ns worth while to carry out elaborate 
disto: ‘xperiments in special furnaces if the 
outc merely the reiteration of the importance 
of ca out delicate heat-treatment operations in 
furn: at are suited to the job. Nevertheless, a 
deci modify or replace an existing furnace 
invo! fair amount of money; this can be faced 
mor rfully if there is empirical evidence to 
confi ¢ benefits to be derived from the change 
in n to theoretical prediction, however 
conn 


to be continued 


Group visit to Moscow 


Forty-eight directors of firms in the Gauge and Tool 
Makers’ Association will be taking part in a group visit 
to Moscow which the Association is organizing during the 
forthcoming British Trade Fair in that city (May 19 to 
June 4, 1961). 





Distortion 








Furnace Temperature ‘Old’ type specimen (fig. 26) 
gradient “C. paietvaien imsietintianen esteem 
1 2 3 
Tube* re 0 4-4.4+ 7:0'+ 5- 
Salt bath as 0 +61) + 4-6)+ 5: 
Tube .. “ 20 +4-1/+10-5 +11- 
Tube .. = 50 5:9 7-2\+ 5- 
Thin end 985, 
thick end 935 
Thick end 985, 
thin end 935 
Large gas-fired 
works furnace About 50 +4-2'+ 1-9 








Alternative specimen (fig. 27) 

















Bar AAK Bar ADX (B) 
4 5 A B Cc “4.03 Cc 
—5:5,+6°8 
—6:4) +4-0 —13-9| + 1-8) 412-5 —14-0) +3-7| +12:3 
—6-2'+6:-0 } 
—6-6 +4:7 


— 2:0 +17-1)\+24-7 


— 2:5 + 2-8 +18-7— 3-5 +8-0\/414-4 


2-3’ —7-5' +5-1'— 6°6'+ 5-5 +22-5 | 





*Mean values from Table 6 
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Precipitation hardening of low-carbon 


steel 


MIRKO KLESNIL and PREMYSL RYS 


Structural changes of a super-saturated solution. of alpha iron in heat-treating 
experiments with a low-carbon steel were examined metallographically by optical 
and electron mcroscopy. The work was first reported in‘ Hutnické Listy,’ 1960 (11). 
The authors are with the Laboratory for the Study of the Properties of Metals, at 
the Czechoslovak Academy of Sciences in Brno 


THE BREAKDOWN of a super-saturated solid solution 
through precipitation is a complicated phase trans- 
formation of considerable technical importance. 
Over a number of years it has been used in particular 
for the precipitation hardening of non-poly- 
morphous alloys of non-ferrous metals such as 
light alloys and certain bronzes, but in recent years 
it has been applied to a significant degree to heat- 
resisting materials such as austenitic steels and 
nickel alloys. 

According to the modern theory of hardening, 
evolved for substitution solid solutions, a distin- 
tegrating, super-saturated, solid solution passes 
through certain characteristic states in accordance 
with certain laws. At sufficiently low temperatures 
in relation to the temperature of the appropriate 
point on the solubility change curve the homo- 
geneous, solid solution is transformed into an 
inhomogeneous one, with the formation of Guinier- 

*reston zones enriched in the element with which 
the solid solution is saturated; these zones are 
coherent with the lattice of the solid solution of the 
matrix. After a longer period, or on raising the 
temperature, these zones are further transformed 
into precipitates of a transition phase, which are 
finally changed into an equilibrium phase. Sub- 
sequently, in essence only those structural changes 
take place, during which coalescence and coagula- 
tion of the initially fine precipitates take place. 
During the course of the precipitation there are 
marked changes in the mechanical and physical 
properties of the alloy. By nature the transforma- 
tion is one of diffusion, and takes place through the 
formation of nuclei of a new phase and their 
subsequent growth. 

In alloys of iron, carbon and nitrogen are capable 
of forming a solid solution in alpha iron; the 
solubility of both these elements decreases with 
falling temperature, so that favourable conditions 
are created for the formation of a super-saturated 


solid solution and its breakdown through pre- 
cipitation. And although in this instance it is 
a matter of an interstitial solid solution, the basic 
system of the sequence of precipitation is the same 
as in substitutional solid solutions. The homo- 
geneous solid solution transforms into an inhomo- 
geneous one with an increased concentration of 
interstitial atoms in areas with lattice faults, such 
as dislocations and vacancies and, then later on, 
dependent on the level of the temperature of the 
process, the actual precipitation of the transitional 
or equilibrium phases takes place. The inter- 
stitial solid solution of C and N in alpha iron, and 
its breakdown through precipitation, are the cause 
of certain characteristic properties of carbon steels, 
such as the existence of a marked yield strengih, 
blue brittleness and various sorts of ageing, for 
instance. The study of precipitation processes in 
mild steels has importance not only for a more 
complete knowledge of the properties mentioned, 
but also for a deeper knowledge of the process itself. 


Precipitation of carbides from ferrite 

During the gradual cooling of low-carbon steel 
from the A, temperature, carbon is precipitated 
through the effect of its decreasing solubility in the 
ferrite as iron carbide unless, of course, cooling 
proceeds so slowly that the equilibrium state can 
be reached. The carbide is precipitated preferen- 
tially on the grain boundaries, and is called tertiary 
cementite. 

By rapid cooling from the eutectoid temperature 
it is possible to obtain a metastable, super-saturated 
solid solution of carbon in alpha iron with a content 
of 0-018°%, C. Since even at normal temperatures 
the diffusion rate of carbon in alpha iron is suf- 
ficiently high, the carbon diffuses into the lattice 
defects, so that within a relatively short time an 
inhomogeneous solid solution is created; at 
elevated temperatures precipitation of the carbon 
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in the form of microscopic carbides gradually 
takes place. 

Precipitation of carbon from the solid solution 
of alpha iron is accompanied by changes in the 
physical and mechanical properties. There are 
very marked changes in the damping capacity and 
electrical conductivity; therefore measurement of 
these values serves as a good method of accurate 
quantitative determination of the carbon content 
of the alpha solid solution. The mechanical 
properties, such as hardness and yield strength, 
have differing sequences at given temperatures in 
relation to the time of precipitation, i.e. to the 
carbon content of the ferrite; as distinct from the 
time sequence of the physical property values, 
after a certain time they attain maximum values, 
dependent on the precipitation temperature, as 
Davenport and Bain have shown.’ 

The type of precipitate which forms from the 
breakdown of the super-saturated, alpha solid 
solution in carbon steels is dependent on the 
precipitation temperature. Within the range of 
precipitation temperatures from 100 to almost 
300°C., by means of electron diffractography the 
presence of the hexagonal e«-carbide has been 
shown,*: *:° which also precipitates in the first 
stage of martempering.® In both instances the 
metastable <-carbide probably precipitates, because 
its lattice is more closely related to the lattice of 
the ferrite than the lattice of orthorhombic cemen- 
tite. The spacing of the [101] planes of <-carbide 
is very close to the spacing of the [101] planes of 
ferrite, and the arrangement of the atoms in these 
planes is analogous. At higher temperatures the 
e-carbide changes into the stable, orthorhombic 
carbide, cementite, the presence of which may be 
reliably indicated after heating at a temperature 
of 300°C. 

The changes in the structure can also be followed 
metallographically. On account of its low power 
of resolution the optical microscope cannot provide 
closer information, but electron microscopy makes 
it possible to establish the morphological changes 
even in the initial stages of precipitation. According 
to the theoretical treatises of Wert’ and Zener,® 
carbon is precipitated in the form of the globular 
carbide Fe,C; Radawich and Wert* tried to confirm 
this opinion. The much more detailed work of 
Tsou, Nutting and Menter® did not confirm this 
opinion. On heating a super-saturated solution of 
alpha iron to a temperature of 100°C., these 
authors found lamellar precipitates of ¢-carbide of 
about 500 A in thickness. Within the temperature 
range from 200-300°C. the <-carbide is gradually 
transformed into the iron carbide Fe,C, which 
likewise precipitates in the form of lamellae; the 
characteristic lamellar shape is preserved even after 
heating to a temperature of up to 500°C. Within 
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broad outlines other authors also came to similar 
conclusions.*: 2°, 14, 12 


For knowledge of the mechanism of precipitation, 
of great importance are the measurements of Wert’ 
and Gruhl'* on specimens which were cooled from 
a temperature of 700°C. and then preliminarily 
hardened at a temperature of 20°C. Wert investi- 
gated the changes in damping capacity after heating 
to a temperature of 50°C., and Gruhl the change 
in the electrical conductivity after heating to a tem- 
perature of 100-350°C. in specimens hardened at 
a temperature of 20°C. The results of measure- 
ment showed that the precipitation of carbon 
takes place much more rapidly than without 
preceding hardening. 


The effects of reconstitution of the solid solution 
during short-term annealing after preceding harden- 
ing at considerably lower temperatures were 
descrited by Gruhl,’® and Késter, Geller and 
Kuntze." If a specimen which has been hardened 
at a temperature of 20°C. is annealed for a short 
time at a temperature of 100-200°C., to a certain 
extent a homogeneous solid solution is again 
formed, which is manifested by an increase in 
electrical resistivity and a fall in hardness. On the 
basis of the treatises of Becker’ it may be suggested 
that the nuclei of the carbides have dimensions 
corresponding to the critical size of nucleus for 
the hardening temperature employed. Nuclei 
which have formed at lower temperatures can again 
dissolve during short-term annealing at a higher 
temperature, since their dimension is less than the 
critical size of the nuclei corresponding to this 
temperature." *. 


The precipitation processes already described, 
which take place in a solid solution of alpha iron 
super-saturated with carbon, may be substantially 
accelerated by mechanical working. The rhysical 
and mechanical properties change in the same way 
as in the preceding instance, but the changes take 
place much more rapidly’ and the mechanical 
properties attain higher values.* At the same time 
a stabilizing influence of the preceding deformation 
is manifested, consisting in the fact that the 
mechanical properties do not change noticeably 
under the influence of further heating. It is 
possible to assume that the specific properties 
which are shown by the super-saturated solid 
solution of carbon in alpha iron during hardening 
after preceding deformation are dependent on the 
high number of dislocations which are formed by 
the mechanical working. The carbon atoms con- 
tained in the lattice of alpha iron can therefore 
reach the dislocations along short diffusion paths, 
so that the number of nuclei is considerably greater, 
and their average size is smaller. Hardening under- 
standably proceeds more rapidly, and attains much 
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higher mechanical values at a selected hardening 
temperature. 


Material and method of the experiments 

For the investigation of the changes in the 
structure of a super-saturated solution of alpha 
ron, a low-carbon steel was chosen with a content 
if 0-05°%, C. and 0-0042°., N. First of all the steel 
was heated at a temperature of 100°C. for a period 
of 1 h. with subsequent gradual cooling in the 
furnace over a period of 24 h. This treatment 
served to produce a suitable grain size of about 
0-01 mm. The specimens had the form of platelets 
of 4 x 15 x 40mm. The specimens prepared in 
this way were heated at a temperature of 700°C. 
for a period of 1 h. and rapidly quenched in water 
at a temperature of 20°C. The specimens were 
electrolytically polished in an electrolyte of com- 
position: 225 ml. CH,COOH, 5 ml. H,O and 20 
ml. HClO, and etched for a period of 30 sec. in 
2°, nital. 

For hardening, temperatures were chosen within 
the range from 23-128°C. With the use of a 
thermostat the specimens were heated up to the 
selected temperatures which were maintained within 
the limits of +0:-05°C. The hardness was 
measured by the Vickers method with a 10-kp. 
load. The resultant hardness values were deter- 
mined as the arithmetic mean of ten measurements. 
For this arithmetic mean in all instances the mean 
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square error was calculated, which varied within 
the limits of + (0-5-2) hardness units. 

The structural changes were investigated matallo- 
graphically in a Zeiss-Neophot optical microscope 
and in a Tesla BS-242, table-type, electron micro- 
scope, using two-stage, colodion-carbon replicas 
shadowed with gold and palladium. 


Experimental results 

The structure of a specimen of the steel cooled 
in the furnace is formed of ferritic grains and 
tertiary cementite, predominantly precipitated on 
the grain boundaries (fig. 1). After rapid quenching 
in water from a temperature of 700°C. only grains 
of ferrite remain in the structure with very smooth 
and clean grain boundaries (fig. 2). After 13 hours’ 
heating at 50°C. it is possible to observe a difference 
in the etchability of the individual grains (fig. 3), 
but concerning the character of the changes in their 
structure the micrograph from the optical micro- 
scope cannot disclose the required information. 

The sequence of precipitation at temperatures of 
23, 50, 77, 97 and 128°C. in specimens quenched in 
water was investigated by measurements of the 
hardness at normal temperature, and metallo- 
graphically by means of the electron microscope, in 
relation to time. The time sequence of the hardness 
after hardening at the temperatures mentioned is 
shown in fig. 4. 

All the hardness curves have a form which is 





ABOVE 1 Tertiary cementite 
precipitated on the boundaries of the 
ferritic grains; 2 Boundaries of the 
ferritic grains after rapid quenching 
of a specimen in water from a 
temperature of 700°C.; 3 Appearance 
of the ferritic grains after hardening 
at a temperature of 50°C. for a 
period of 16 h. 





LEFT 4 Time plot of hardness for 
hardening al various temperatures 
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5 Structure of ferrite after hardening at a temperature of 9 Structure of a ferritic grain after hardening at a 
23 C. for a period of 16 h. temperature of 250 °C. for a period of 2 h. 
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6 Structure of ferritic grains during hardening at a temperature of 50°C. for various periods: alh.; b6h.; c13h.; 
d 41 A. 
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8a and b= Structure of ferrite after hardening at a temperature of 128°C. for a period of 9 h 
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7 Structure of ferritic grains after hardening at a temperature of 97°C. for various periods: a 30 min.; BLA; ¢ 15h.; 
d 164. 
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10 Structure of ferrite after hardening at a temperature of 97°C. for various periods: a15h.; b 100 h. 
Before hardening the specimen was subjected to plastic deformation (c 20 


12 Structure of ferrite after hardening at a temperatur* of 97°C. for a period of 15 h., with preliminary hardening at a 
temperature of 50°C. for various periods: alh.; b 13h. 


b 
l4aandb Structure of ferrite after hardening at a temperature of 128°C. for a period of 9 h. with preliminary 
hardening at a temperature of 23°C. for 16h 
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3 > /(™ 11 Time sequence of hardness during 
& f 0 ee Oe | hardening at a temperature of 97°C. 
! Oy——__—= sig, Sank | — ... with preliminary hardening at a 
e aT temperature of 50°C. for various periods 
: Curve 1 for 13 h.; curve 2 for 5 h.; 
: curve 3 for 2 h.; curve 4 for 1h. Curve 
100 - 5 shows the hardness sequence during 
; 5 75 1 3 5 ? 9 " single-stage hardening at a temperature 
: n) t(h of 97°C. 
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H 220 t 
. as 
as 
13 Time sequence of hardness 
during hardening at a temperature 
of 128°C. with preliminary hardening ~ | 
at a temperature of 23°C. for various 140 5 : + ; 1 } 
periods: Curve 1 for 168 h.; curve 
2 for 100 h.; curve 3 for 34 h.; 20 
curve 4 for 16h. Curve 5 shows q 
the hardness sequence during 5 0 1 2 3 4 5 
single-stage hardening at a t (min) ¢ (hours) 


temperatue of 128 C. 


characteristic of the hardening sequence; with the 
increase in the hardening temperature the hardness 
i rises more rapidly, but the maximum hardness 
diminishes. By hardening at a temperature of 
23°C. a hardness maximum had still not been 
reached within the time period of the research. 
Precipitation at a temperature of 50°C. leads to 
i a relatively considerable increase in the hardness 
of the ferrite; after reaching a maximum the 
hardness falls gradually. After 1 h. at this tem- 
} perature, t.e. within a period when the hardness 
starts to increase, it is possible to distinguish a 
moderate wrinkling of the etched surface which is 
uniform within the limits of a single grain; the 
roughness of the surface differs for different grains 
(fig. 6a), which may be explained by their varying 
etchability in relation to the orientation of the 
individual grains with respect to the plane of the 
: polished surface. Practically the same appearance 
is shown by the structure of a specimen after 
16 hours’ hardening at a temperature of 23°C. 
(fig. 5). After 6 h. at a temperature of 50°C. the 
character of the structure changes only slightly 
(fig. 66); apart from the uniform wrinkling of the 
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surface, signs are already apparent of a further 
roughening of the surface which is no longer 
uniform. This process advances with time, so that 
after 13 h. it is possible to distinguish small forma- 
tions projecting above the matrix, which becomes 
gradually smoother (fig. 6c); the formations are 
manifested preferentially along a line which can 
probably be regarded as the boundary of the mosaic 
structure. A period of 13 h. corresponds to the 
maximum on the hardness curve (fig. 4). After 
41 h., when the hardness has already fallen con- 
siderably, hundreds of small formations are apparent 
in the structure, which do not yet, however, have 
the character of clearly defined precipitates (fig. 6d). 

A similar sequence is followed by changes in the 
structure at other precipitation temperatures also. 
At a temperature of 97°C. the rising sections of 
the hardness curve after 30 min. can again be 
associated with a uniform wrinkling of the surface 
(fig. 7a); the structure is similar to that in figs. 5 
and 6a, which belong to specimens of about the 
same hardness. After 1 h. at a temperature of 
97°C. the hardness maximum is reached, and the 
structure (fig. 7) has a similar appearance to that 
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15 RIGHT Time sequence of hardness 190 — 
during hardening at a temperature of 
128°C. with preliminary hardening at a 
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temperature of 77 C. for various periods: 180 ae A + t 


Curve 1 for 6h.; curve 2 for 30 min. 
Curve 3 shows the hardness sequence 
during single-stage hardening at a 
temperature of 128 °C. 
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temperature and time required to attain 
maximum hardness 
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in fig. 6c (500°C. for 13 h.—peak of the hardness 
curve), with the difference that it is radically 
coarser, and the number of formations projecting 
above the level of the matrix is less. After 15 h. at 
a temperature of 97°C. in the structure relatively 
coarse precipi‘ ates are clearly visible (fig. 7c), which 
of en have a lamellar character and sometimes 
fairly irregular distribution (fig. 7d); to this state 
of the structure there already corresponds a hardness 
which is less than the hardness of the specimen 
afier quenching. 

A further advance in precipitation is evident 
after heating at a temperature of 128°C. for 9 h. 
The lamellar nature of the precipitates (fig. 84 
and their preferential precipitation in certain areas 
of the grain (fig. 86) are clearly visible. After heat- 
ing at a higher temperature (250°C. for 2 h.) the 
precipitates are very marked, and their number is 
relatively small (fig. 9). 

A specimen of the steel which was subjected to 
a static tensile load (< 20°.,), after quenching 
from a temperature of 700°C., increased its tensile 
strength as a result of the work hardening from 
130 to 190 Hy. Precipitation at a temperature 


10. 4 2 3 4 5 
t (min) t (hours) 
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of 97°C. hardens such a specimen more rapidly 
and to a greater extent than specimens without 
such preliminary deformation (fig. 4). Within the 
period investigated, after attaining the maximum 
value, the hardness of the specimen fell only 
slightly. The wrinkling of the structure is more 
pronounced, the structure has an oriented nature 
fig. 10a, 97°C. for 15 h.) and, by comparison with 
fig. 7c (97°C. for 15 h. without deformation), it 
can be established that no clearly marked precipita- 
tion takes place; in essence the state of the structure 
remains unchanged even after 100 h. at this tem- 
perature (fig. 106). 

The effect of a higher temperature on the hardness 
and microstructure of specimens of the steel 
hardened at a lower temperature was investigated 
in a further series of experiments. Quenched 
specimens were subjected to hardening at selected 
temperatures of 23, 50 and 77°C., and then exposed 
to the action of higher temperatures. In fig. 11 
is shown the hardness sequence of the specimens 
whose preliminary hardening was carried out to 
varying degrees at a temperature of 50°C. (curve | 
for 13 h., curve 2 for 5 h., curve 3 for 2 h. and curve 
4 for 1 h.), in relation to the time of heating at 
97°C. The course of each of these curves was 
established by measurement of the hardness of the 
same specimen at normal temperature after the 
selected times of hardening at the given temperature. 

For comparison, the hardness sequence is shown 
of a specimen hardened only at a temperature of 
97°C. (curve 5). From the diagram it is evident 
that, by combined hardening at 50 and 97°C., 
higher hardness values are attained than by single- 
stage hardening at a temperature of 97°C. and 
that, after a moderate drop the hardness later 
decreases only slightly in relation to time. 
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Specimens which were preliminarily hardened 
at a temperature of 50°C. to a limited extent only 
(curves 3 and 4 in fig. 11) showed an initial sharp 
rise in hardness, reaching a maximum after about 
45 min.; the rate of increase in hardness and the 
value of the maximum hardness are greater than 
for single-stage hardening at a temperature of 
97°C. (curve 5), and the time required to reach 
this hardness is shorter. After a moderate drop 
in hardness during the course of the next 2 h. the 
further fall in hardness proceeds to a slight degree 
only. In the first part of curves 3 and 4 the gradual 
drop in hardness can be attributed to the reverse 
dissolution of nuclei, but in both instances this 
phenomenon is not clearly revealed. 

The structure of the specimens (fig. 12a) after 
the combined hardening (50°C. for | h 97°C. 
for 15 h.) has essentially greater similarity with 
the structure of the specimen in fig. 7c (97 C. for 
15h.); the wrinkling of the surface is more marked 
than in fig. 6a, but clearly marked precipitation 
did not occur as in fig. 7c or d. The hardness of 
the spec men with the greater degree of preliminary 
hardening (curve 2, fig. 11) increases somewhat in 
the initial period and, after a gradual drop in 
hardness, further softening is again slight, with 
a greater hardness than that of curves 3 and 4. 
There is a similar hardness sequence of the specimen 

ich during the preliminary hardening exceeded 
the earlier maximum hardness (50 C. for 13 h.— 
see fig. 4), wi h the distinction that the changes in 
hardness in the initial period are minimal (curve 1, 
fig. 11). The structure of the specimen preliminarily 
hardened to maximum hardness (fig. 126—50 C. 
for 13 h. 97°C. for 15 h.) is similar to that in 
fig. 12a; even here precipitates of characteristic 
shapes are not apparent. The wrinkling of the 
surface, which is very markedly manifested, can 
scarcely be qualified as a manifestation of the 
precipitation of a new, incoherent phase. 

A change in the temperature conditions of the 
combined hardening somewhat alters the sequence 
of the curves, but does not alter the general nature 
of the phenomenon investigated. In fig. 13, in 
the same way as in fig. 11, is shown the hardness 
sequence of specimens of the steel after combined 
hardening (23°C. + 128°C., curves 1-4), and curve 
5 shows again the hardness of a specimen which 
was hardened simply at a temperature of 128 C. 
As distinct from fig. 11, for all the preliminarily 
hardened specimens there is an evident drop in 
hardness in the initial period, which is all the 
greater the higher was the level reached by the 
preliminary hardening; it may be attributed to 
the reverse dissolution of nuclei in the alpha solid 
solution. After the transitional drop in hardness, 
there follows a marked and rapid rise in hardness, 
and afier a moderate fall during the first hour the 
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hardness subsequently falls only slightly. The 
resultant hardness is again substantially higher than 
after simple hardening at a temperature of 128°C.; 
the differences in hardness between specimens with 
various states of preliminary hardening are small, 
and there is no logical relationship between the 
degree of preliminary hardening and the fina! 
hardness after combined hardening. 

The microstructure in fig. 14a (23°C. for 16 h. 

128°C. for 9 h.) has a similar appearance to that 
in fig. 12a, but in some areas there are apparent 
fine lamellar precipitates, which mutually form 
oriented networks (fig. 146). By comparison with 
single-stage hardening at a higher temperature 
(figs. 8a and 6—128°C. for 9 h.), the number of 
lamellar precipitates is very small and they are finer. 

Basically, the same results follow from the 
further investigation of combined hardening at 
temperatures of 77 128°C. (fig. 15). By com- 
parison with the preceding instance, after reaching 
the maximum value, the drop in hardness and 
likewise the subsequent gradual softening are 
somewhat more marked. 


Analysis of results 

The low-carbon steel with a very low nitrogen 
content, which was selected for the experiments, 
makes possible the assumption that the sequence 
of hardening will be decisively influenced by the 
precipitation of carbon. The hardness curves after 
hardening at various temperatures (fig. 4) are in 
agreement with the generally accepted opinions 
concerning the sequence of the breakdown of 
a solid solution through precipitation. The 
sequence of this phase transformation through 
diffusion must be controlled by the diffusion of 
carbon in alpha iron. 

The time ¢ required to reach a certain state of 
precipitation is given by the equation:* 


t x? 2D 


where x is the mean length of the diffusion path 
and D is the diffusion coefficient, for which the 
known relationship is valid: 


D = Dee -QF? 


in which Q denotes the activation energy of the 
diffusion. 

After insertion into equation (1) and rearrange- 
ment we have the relationship 
K, (1,000 T 


log ¢ = K, + K, (1000/7) ..... 000000 (3) 


in which 
K, = log x* 2D, 
K, = Q log ¢ 1,000 R 
On the assumption that analogous points on the 
curves of the changes in hardness in relation to 
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the time of hardening at various temperatures 
correspond to similar states of precipitation, in 
accordance with equation (3) in a graph with 
coordinate axes log ¢ and 1,000 7 the corresponding 
points must lie on a straight line; if we transfer 
to this system the plots of the maxima of the 
hardness curves (fig. 4), with them we can with 
good approximation interpolate a straight line 
(fig. 16). From the gradient of this straight line 
it is possible to determine the activation energy of 
the precipitation process under investigation, which 
amounts to O 18,000 cal. mol. 

This value is relatively close to the activation 
energy of the diffusion of carbon, which is 20,100 
gal./mol. according to Wert.'* This relatively good 
agreement confirms that carbon diffusion is the 
process which controls the hardening of the 
super-saturated solution of alpha iron. 

From the micrographs of the structures it 
follows that it is very difficult to establish when 
true precipitation takes place, i.e. when a crystallo- 
graphically defined phase is formed, which is 
separated from the solid solution by inter-phase 
boundaries. Examples of a structure of this type 
are figs. 7c, 7d, 8a, 86 and 9, from which it is 
evident that the less easily etched formations 
suggest regular, geometrical bodics with an ordered 
orientation within a single grain. These states 
collectively correspond to the very low hardness 
values on the descending sections of the hardness 
curves. 

The structures of the specimens on the rising 
section of the hardness curves (figs. 5, 6a, 6b and 
7a) after etching have a wrinkled surface, which 
is a result of the varying degrees of etchability of 
individual areas of the surface of the specimen; 
the phenomenon may be explained by the inhomo- 
geneity of the alpha solid solution. The structure 
of specimens with a hardness approximately 
corresponding to the peak of the curve and the 
section closely following its peak represents to 
some extent a transition between the two types of 
structure described above, but here ic is still 
impossible to point to clearly marked precipitation 
(figs. 6c, d and 76). It is probable that it is a matter 
of coherent precipitates, i.e. formations which 
within a certain restricted zone have their own 
lattice, but from it there is continuous transition 
without an inter-phase boundary into the lattice 
of the solid solution. 

Analysis of the structures revealed by the electron 
microscope therefore indicates that the hardness 
maximum belongs to the pre-precipitation state of 
the inhomogeneous solid solution or to the state 
of coherent precipitates in this solid solution; 
progressive precipitation of carbide formations 
leads to a reduction in hardness. The finer is 
the structure, i.e. the greater the number of coherent 
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zones, the higher will be the hardness of the 
specimen. At a higher hardening temperature 
there is a correspondingly greater coarseness of 
the structure, and the continuous transition from 
an inhomogeneous solid solution by way of coherent 
precipitates to incoherent precipitates is more rapid. 

Apart from the carbon diffusion which has an 
influence on the formation of nuclei and especially 
on their growth, an important effect on the sequence 
of precipitation is exerted by the state of the 
structure, which in essence determines the nuclea- 
tion potential of the matrix. The important 
influence of defects in the structure during the 
breakdown of the cementite and the precipitation 
of graphite, and their static and dynamic character, 
we have already shown in an earlier work.’’ For 
the instance of the precipitation of ¢-carbide it 
may rightly be assumed that the nucleation potential 
of the matrix, determined by the quantity and type 
of the structural defects, does not change greatly 
within the limits of the precipitation temperatures 
investigated (23-128°C.). Under constant nuclea- 
tion conditions, therefore, the sequence of the 
precipitation at various temperatures is in essence 
dependent only on the rate of carbon diffusion, 
and the curves have a similar sequence. At higher 
hardening temperatures the rate of carbon diffusion 
is higher, the whole process advances more rapidly, 
and the changes in hardness take place within a 
shorter time; the hardness maxima are lowered, 
because at higher temperatures the critical dimen- 
sion of a nucleus is greater, a smaller number of 
nuclei are capable of growth, and therefore a 
smaller number of coherent zones are formed, and 
in the final stage of precipitation a smaller number 
of precipitates also. In all stages of the process, 
therefore, at higher temperatures the structure has 
a coarser character. 


The nucleation potential of a super-saturated 
alpha solid solution can be changed, for instance, 
by cold working; the density of the dislocations 
increases up to 10" cm.” from a value of 10° /cm.? 
in the annealed state.'* As a result of the more 
favourable conditions afforded by the high con- 
centration of structural defects, very rapidly a large 
number of nuclei are formed, which change into 
coherent zones. The precipitation process follows 
its course at a given temperature substantially more 
rapidly than for unworked material; the hardness 
increases more rapidly and to a greater extent 
(fig. 4). A similar favourable effect of cold working 
on the nucleation of graphite and on the course of 
graphitization of sorbitic cementite has already 
been shown earlier.'’ In addition it was shown 
in the same work that structural defects formed in 
the matrix as a result of cold working, have a stable 
nature in their nucleation action, and the nucleation 
potential of the matrix cannot be influenced by 
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regulation of the temperature conditions of the 
precipitation process. 

The increased stability of the hardness and of 
the structure during the hardening of low-carbon 
steel after mechanical working is manifested by 
the high stability of the coherent zones forming in 
the areas of the structural defects. The interaction 
of the dislocations, where their concentration is 
high, creates in the matrix favourable conditions 
for the formation of a large number of nuclei of 
supercritical size, and the coherent zones forming 
on them are relatively stable against dissolution 
and against growth. A lack of zones which readily 
dissolve restricts the possibility of the growth of 
the coherent zones of supercritical size, which 
would probably transform into incoherent pre- 
cipitates on attaining a certain minimum size. 
Therefore the hardness scarcely falls, and the 
structure is unchanged. The relative stabilization 
of a certain metastable state is in this instance the 
result of control of the nucleation potential by the 
fact that new stable defects were introduced into 
the structure by mechanical working 


From the results presented it follows that a 
certain stabilization of the hardaess and of the 
structure can be achieved by combined hardening 
also. The process of hardening is in this instance 

wre complicated than during single-stage harden- 
ing, and its individual states are most clearly 
marked under conditions of combined hardening 
at 23°C. + 128°C. (fig. 13). 

By hardening in the first stage at 23°C. a pre- 
precipitation state is formed, corresponding to the 
length of time of hardening. After heating at the 
temperature of the second stage, 128 C., there 
ensues a sudden drop in hardness, because the 
coherent zones are partially dissolved in the alpha 
solid solution. The drop in hardness is greater, 
and the absolute values of the hardness minima 


are higher with a greater degree of precipitation in 
the first stage, and the time required to reach the 
minimum, on the other hand, increases; the 
minimum hardness always has a higher value than 
the hardness of the steel after quenching. 


Let us assume that, in accordance with the 
theory of fluctuations, the extent of the coherent 
zones for each stage will be given by a frequency 
curve. At a low degree of hardening in the first 
stage, after heating at the temperature of the 
second stage there is very rapid dissolution of the 
formations which are smaller in size than the 
critical dimension of a nucleus for the temperature 
of the second stage. The first impulse towards 
dissolution can be increased solubility of the matrix 
in the vicinity of a ccherent zone, which allows 
the passage of carbon atoms into the solid solution; 
by this process there is a further reduction in the 
dimension of the coherent zone and thereby in its 
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stability. The greater drop in hardness after a 
longer period of hardening in the first stage means 
that there was a growth in these zones which 
dissolve by comparison with the state where the 
extent of the hardening in the first stage was small. 
The higher value of the hardness minimum indicates 
that after a greater degree of hardening in the first 
stage there was a growth in the number of formations 
which are not dissolved at the higher temperature. 
During the course of hardening in the first stage, 
therefore, the hardness rises both through the 
gradual formation of coherent zones and through 
their growth. Undissolved or only partially dis- 
solved coherent zones become very effective nuclei 
for hardening in the second stage, and therefore 
the hardness increases very sharply, more rapidly 
than during single-stage hardening. 

After attaining a not-too-pronoun-ed hardness 
maximum there follows a period of imperceptible 
reduction in hardness after a moderate drop. This 
stabilization of the hardness is evidently the result 
of the fact that in the initial period the subcritical 
coherent zones are eliminated by dissolution, and 
a certain homogenization of the size of these 
formations takes place. By this means there is 
a substantial reduction in the possibility of dis- 
solution, and also of growth, of the coherent zones 
in the further period of hardening, so once again 
the hardness and the structure become relatively 
stable. As a result of the favourable nucleation 
state of the matrix after the formation of a large 
number of nuclei in the first stage of hardening 
a higher number of coherent zones remain pre- 
served, the structure is finer, and the hardness is 
greater than by means of single-stage hardening at 
the temperature of the second stage. The sequence 
of hardening and the properties after the period 
of the process investigated (hardness and structure) 
are dependent on the conditions of the first stage 
of hardening (temperature, time) and the tem- 
perature of the second stage of harder.ing. 


Conclusions 


Hardening of low-carbon steel with a low nitrogen 
content proceeds through the formation of a carbide 
phase. The activation energy of the precipitation 
process established is very close to the activation 
energy of carbon d ffusion in alpha iron, which 
shows that carbon diffusion is the process which 
controls the sequence of hardening of the steel 
under investigation. 

By means of the electron microscope it is possible 
to follow the changes in the structure of the solid 
solution of alpha iron in relation to the time and 
conditions of hardening. But determination of the 
start of the actual precipitation, 1.e. the precipitation 
of incoherent formations, is difficult. Clearly 

continued on page 76 
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Physical Society Exhibition 


The Physical Society's annual exhibition of scientific instruments and apparatus ts 
one of the activities which has been taken over by the amalgamated Institute of 
Physics and Physical Society. It took place as usual in the Royal Horticultural 
Society’s Halls in London last month and was the 45th in the series. Its chief 
object, it will be remembered, is to reveal new ideas, principles and inventions and 
subsequently to demonstrate their realization in the form of usable equipment. 
Although the tunnel effect of semiconductor diodes was first described by a Japanese 
scientist some years ago, this year, for the first time, five stands of the exhibition 
featured this new type of transistor. Another effect which had been noted many 
years ago was that an electron beam in a vacuum exerts an etching effect on metals: 
the Research Department of Associated Electrical Industries (Manchester) Ltd. 
make use of this effect for the production of etched patterns on metallic surfaces. 
Another idea of considerable age has recently been twisted about: semiconductor 
thermocouples are now used—as exemplified by the exhibits of Foseph Lucas Ltd. 
and the Research Laboratories of the General Electric Co. Ltd.—as refrigerators. 
The idea of using magnetic materials as storage devices for computors has been 
developed and four exhibitors are featuring thin magnetic films with storage capacities 








of the order of 2,500 ‘ bits’ 
breadth of the research effort 
both theoretical and experimental! 


with 


itching times less than 10~* sec. As usual, the 
ernment Establishments is most impressive in 
fields. (Mimistry of Aviation, Department of 


f tro 


Scientific & Industrial Research, Admiralty Research Establishments, United 


Kingdom Atomic Energy Authority 


At the same time it is now becoming noticeable 


that all firms, however small, appear to have reasonably effective research groups, 


capable of some original work. 


metallurgical interest 


THE TELE-REMOSCOPE by Cawkell Research & 
Electronics Ltd. is a new type of television picture 
monitor which allows the user to produce on the 
cathode-ray tube screen a still umage at any instant 
during a changing picture. The resulting image may 
be examined for long pericds. This monitor can be 
applied to the inspection for moving or momentarily 
stationary objects in automatic production lines. 
By ‘ freezing ’ the image the inspection time can be 
greatly increased over that normally available. This, 
and other features, were demonstrated on a 
rototype. 
Y The exhibition provided a good opportunity for 
the various research associations to propagate their 
results, and this year the DSIR stand housed some 
two dozen exhibits. Here one learnt that the 
National Engineering Laboratory has constructed 
an apparatus which will generate pressures in excess 
of 100,000 atmospheres in conjunction with tem- 
peratures of over 2,000°C. The formation of new 


The following notes give details of some items of 


materials of tcchnical interest, such as the synthetic 
diamond and cubic boron nitride, will be studied 
with this apparatus. 


High-temperature ceramics 

New high-temperature ceramics to supersede 
metals and traditional ceramics are being produced 
on a pilot-plant scale at the laboratories of the 
British Ceramic Research Association. Among those 
exhibited were boron nitride, a low-friction, 
machinable electrical insulator, silicon nitride, a 
strong, chemically inert material, and self-bonded 
silicon carbide, a dense material of high strength 
and erosion resistance at high temperatures. 

The British Glass Industry Research Association 
exhibited an automatic thermal expansion apparatus, 
which, although initially designed for measurement 
of the thermal expansion of glasses up to the anneal- 
ing point, is eminently suitable for dilatometric 
measurements of other materials. The instrument, 
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which has a built-in calibration unit and accom- 
modates a 4-in. sample length, can be semi- or 
fully-automatic as required, and in its present form 
may be used for annealing and heating cycles up to 
800°C., but this temperature can be extended. 

A carrier-gas method of hydrogen determination 
has been developed by the British Welding Research 
Association. A determination takes about 15 min. 
Argon is passed over a sample of steel, which is 
heated in a furnace. The hydrogen evolved is swept 
along in the argon stream to a hydrogen sensitive 
electric conductivity cell, the output of which is 
plotted on a conventional chart recorder. Ingress of 


air during sample loading is avoided by pecial 
loading lock and a special burette is used inject- 
ing small measured volumes of hydrogen gas for 
calibration. The estimated precision o! thod, 
using a 5-g. steel sample containing | m1! rogen 
100 g. steel, is +-0-04 ml. 100 g. 

The exhibit of the British Steel Castings Research 
Association was a radioactive trace! gue for 
investigating the origin of inclusions : gs. 
In this technique molten stee! {i lay- 
bonded sand compacts in which | 1iNs 
have been coated with activate: Auto 
radiography is then employed the in- 
clusions in the steel casting an the 


mechanism of their formation fh tion 
een slag, ste2l, etc., and the sai 


Continuous control methods 


Today it is the continuous high-rate | ction 
lines which are demanding addition: suring 
and control instruments. An urgent demand arises 
in the production of steel strip. Here, the con- 
tinuous measurement of the reduction in gauge in 
the temper rolling of strip is a demand still un- 
fulfilled. A new approach to the problem was 


exhibited by the British Iron and Stee! Research 
Association. In the prototype instrument (wo photo- 
cells are sighted on two illuminated spots on the 
strip surface, the two spots being a fixed distance 
apart and lying along the passline. Small irregu- 
larities in the light reflected from the strip surface 
give rise to a pattern in the output of the first 
photocell. After an interval of time, depending on 
the distance apart of the two photocells and the 
strip speed, another similar pattern appears in the 
second photocell. 

Thus, if the output of the first photocell signal is 
delayed (e.g. on a tape recorder) and then added 
to a second photocell signal, a maximum combined 
output will be obtained when the delay time intro- 
duced is equal to the time for passage of a point on 
the strip surface between the two illuminated spots. 
From this delay time and the known distance 
between the illuminated spots the strip speed can be 
readily calculated. 
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Improved steel-strip production is the objective 
of another BISRA development, which, when per- 
fected, will enable tinplate and cold-rolled strip to 
be inspected in a high-speed line for surface defects. 
The prototype instrument has reached the ‘ field 
trial’ stage. 


New thermocouple elements 

New thermocouple elements for measuring tem- 
peratures in the range 1,600-2,000°C. were ex- 
hibited by the Morgan Crucible Co. Ltd. Some of 
the materials, being semi-conductors, provide a 
very high voltage output compared with metals. 
For example, a silicon carbide-graphite couple can 
be made to give 0-2 V. at 1,000°C. Modification of 
the properties of silicon carbide and graphite, by 
controlled adjustment of composition, allows couples 
to be made from two types of silicon carbide, or two 
types of graphite. Alternatively, any of these 
materials can be run against a refractory metal such 
as tungsten or rhenium. 

Also among the exhibits of the Morgan Crucible 
Co. was a technique for hot-stage time-lapse ciné 
photomicrography, which allows one to follow under 
a microscope the slow changes in crystal form or 
other visible qualities of solid materials. An elec- 
trically operated camera is used to take a series of 
single shots with variable exposures at intervals of 
1 min. The resulting ciné film can be used for 
quantitative measurements. 


Metallurgical investigation 

New and improved techniques for metallurgical 
investigation figured prominently in the exhibition. 
Some of these require expenditure on a scale that 
can only be met by a large organization and others 
only a modest outlay. Cooke, Troughton & Simms 
Ltd. exhibited a stereoscopic microscope of different 
design from the conventional form of stereoscopic 
microscope. Instead of having twin objectives 
inclined inwards so that their optic axes meet in the 
plane of the specimen, it uses one objective, and an 
optical system in the body of the microscope passes 
left- and right-handed images to the eyepieces to 
produce the sensation of depth. Thus the same 
effect is produced as with the more usual type of 
stereoscopic microscope but with the advantages of a 
constant working distance and a flat field of view. 

A scanning electron-probe X-ray microanalyser, 
now in production, was exhibited by the Cam- 
bridge Instrument Co. Ltd. The technique of 
X-ray microanalysis consists of focusing an electron 
beam, normally accelerated from 0 to 50 kV., on to 
a region of the specimen surface approximately 
1 in. dia. and rather less in depth and analysing 
spectroscopically the resulting X-rays excited from 
the specimen. So far, the technique has been used 
almost exclusively for research work on metallurgical 
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problems, although it also has applications in 
biolc gical and other fields. 

As well as static probe point-ty-point quantitative 
micrcanalyses, the Camtridge instrument can also 
be used fcr scanning the surface of the specimen 
over an area up to } mm. by 4 mm. The charac- 
teristic X-rays frcm any single element (with atomic 
number 12 or greater) can be selected by a crystal 
spectrometer and detected by a proportional 
counter. The signal from the counter modulates the 
brightness of a beam scanning a cathede-ray tube, in 
synchronism with the probe scanning the specimen, 
and forms an image corresponding with the area 
scanned and showing semi-quantitatively the 
distribution of the chcsen element. 

The accuracy for quantitative analysis is to 

+-1%, which reduces, under favourable conditions, 
to 0-1°,,. The minimum concentration that can be 
detected under good conditions is 0-1°,,. 

Among the Post Office Engineering Department 
exhibits was an inexpensive technique for studying 


Precipitation hardening 
concluded from page 73 


defined precipitates were found to correspond to 
the descending sections of the hardness curves; 
the rising section of the curves and the vicinity of 
the maximum coincide with the pre-precipitation 
state of the inhomogeneous solid solution or the 
state of coherent precipitates. 

After cold working and after combined hardening 
at two different temperatures higher hardness values 
are attained, and there was found to be considerable 
stabilization of the structure and hardness by com- 
parison with single-stage hardening at the given 
higher temperature and hardening of unworked 
steel. Both phenomena may be explained by the 
considerable nucleation potential of the alpha solid 
solution. 
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plastic flow which can be applied to the study of a 
wide range of metallurgical problems such as plastic 
flow in forming and extrusion. Devised originally 
for investigatir g contact deformation, it enables the 
effects of friction and rate of deformation, and of 
shape and internal constraint, to be readily examined. 
The technique employs two-colour laminated test- 
bodies made from ‘ Plasticine ’; the laminations can 
be oriented in any direction. 

New vibratory and electrolytic polishing equip- 
ment was showr. by Nash & Thompson Ltd. The 
vibratory polisher can polish in one loading any 
number of specimens from two to 18 and will 
operate with no attention. Thus a batch of 
specimens can be polished overnight. A finish 
suitable for electron-microscope examination can 
be obtained. The electrolytic polisher consists of a 
‘ swirl head’ assembly into which the specimen is 
mounted and subjected to an applied potential 
while the surface is in contact with a continuous 


flow of electrolyte. 
Creep rupture testing with 4 C. temperature 
cont 
E) furnace zone control to within 4°C. or closer has 
be ieved at a new creep rupture testing installation 
at les Ltd., Research Department, Mossend, near 
Gk This is believed to represent finer control of 
tem} ture than has been obtained hitherto in this 
type f work 

Che first of six new electric resistance furnaces, which 
will be used to collect creep, rupture data on various steels 


which Colvilles produce, is now fully working under 
control of instrumentation designed to keep the tempera- 
ture of specimens and furnace zones within very close 
limits 

The six furnaces will each operate at a different tem- 
perature 10 C.) from 400 to 550°C. The temperature 
control is well within the tolerances laid down by the 
appropriate British Standards governing this type of test. 

Each furnace is itself divided into six zones containing 
thermocouples; thermocouples are also placed adjacent 
to the specimens. Using Colvilles own switchgear panel, 
measurements of these points aic taken in sequence, 
thermocouples being connected for a few seconds each. 
A continuous record is given on a Honeywell Controls 
Ltd. ‘ ElectroniK’ strip chart recorder-controller; the 
ink trace is continuous since there is an ‘ overlap ” in the 
switchgear which provides the average of the temperature 
of two zones when switching over from one zone to 
another. 

The instrument acts as a controller in conjunction 
with the switchgear panel and experience with the first 
furnace shows a maximum variation of $°C. per zone 
and 1} C. over the whole furnace under the worst com- 
bination of errors. 

An additional safeguard covering the whole circuit is 
provided by means of a Honeywell ‘ Protect-O-Vane ’ 
excess temperature safety cut-off. The creep/rupture 
tests are carried out over extended periods, and, although 
low temperature would be tolerated, a single instance of 
high temperature would ruin the test and waste much 
time. This overall protection in the case of each furnace 
has therefore been thought prudent 
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Metallurgy in nuclear power technology 


6. Fuel element technology 


J. C. WRIGHT, B.Sc., Px.D., A.M. 


The metallurgy of nuclear power materials is developing on such a wide front 


and so rapid! 


that wt is difficult for the non-specialist metallurgist to keep abreast 


with its scop Wright, Reader in Industrial Metallurgy, College of Advanced 
Technology, Birmingham, outlines the subject in a series of articles which are 
appearing } in this journal 


BEFORE REVIEWING present and 


trends in the development of reactor | it is 
advisable to consider the ideal pro; lired 
of a reactor fuel and the special dif ties met 
with in the working of a reactor. Ideca!! acLor 
fuel should have the following proy well 
developed: 

(1) During fission it should p ifficient 
neutrons, in excess of those whic! irbed 
uselessly, to continue the fission prox with a 
margin for control purposes. In other words, the 


fuel should have good neutron economy 

(2) The fission process produces heat throughout 
the whole volume of a fuel element and, to be 
useful, this heat must be transferred to a medium 
which is capable, after a further heat exchange, of 
passing the energy to a turbine generator set. The 
fuel element must therefore contribute to good 
heat transfer without reacting with the coolant. 

(3) The fuel element must be able to prevent 
release of fission products, which could be very 
radioactive, to the coolant circuit. 

(4) Probably the most difficult property to 
achieve satisfactorily at present, and the one 
associated with the physical metallurgy of a fuel 
element to the greatest extent, is that the fuel 
should be capable of a high burn-up without 
mechanical failure. 

Most of the special difficulties met with in the 
reactor directly concern this last property. Sum- 
marizing the difficulties, there is the possibility of 
damage due to: (1) Phase changes and trans- 
formation damage; (2) surface roughening and 
growth due to thermal cycling; (3) wrinkling and 
growth due to irradiation effects; (4) swelling due 
to irradiation effects above 450°C.; (5) changes in 


mechanical properties; and (6) changes in physical 
properties. 

Although the above factors mainly concern the 
control of mechanical failure, the other properties 
of a reactor fuel may well be affected when attempts 
are made to overcome mechanical failures. For 
instance, alloying elements must be chosen with 
due regard to neutron absorption cross-section or 
the neutron economy will suffer. 


Control of distortion 

Since a large proportion of the damage to uranium 
under reactor conditions is due to the marked 
anisotropy of the «-phase and poor high-temperature 
strength, two major lines of development have been 
pursued. In the first, the effects of the anisotropy 
of «-uranium have been minimized by achieving 
fine and randomly oriented grains of uranium by 
methods described in previous sections. Correctly 
applied, these techniques are capable of controlling 
growth and wrinkling of uranium fuel bars suf- 
ficiently well for present reactor purposes. The 
higher temperature problem of swelling is becoming 
more and more important as reactor temperatures 
rise and is not controllable, in pure uranium at 
least, to anything like the same extent as growth 
and wrinkling. The creep strength of a fuel element 
must be high to resist the expansion of gas bubbles 
which create swelling. If the phase possessing 


a high creep strength was also fully isotropic, this 
would assist in controlling growth and wrinkling. 
Evidently, it is desirable to develop a strong 
isotropic fuel. 

Ar. example of such a development is provided 
molybdenum alloy 
y) over a wide composition 


by work on a uranium/12°, 
which is single phase ( 
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and temperature range and relatively strong. Such 
an alloy has been shown to resist swelling better 
than « or « + § uranium. The phase is isotropic 
and can be retained to lower temperatures than 
the y-phase of pure uranium. Its mechanical 
properties (Table 14) are far superior to those of 
“-uranium under the same conditions. The phase 
diagram of the U-Mo system is shown in Fig. 37. 
Unfortunately, molybdenum has a moderately high 
neutron-capture cross-section, particularly for 
thermal neutrons, 2:4 barns. This limits the 
amount of molybdenum which can safely be 
introduced. It has been suggested, however, that 
the +-phase in U-Mo alloys can be held to a lower 
temperature under irradiation conditions than 
under equilibrium conditions when the alloy would 
normelly be « Y Uranium/molybdenum. This 
would allow the use of rather less molybdenum to 
achieve a satisfactory phase under reactor conditions. 
Similar depression of transformations under radia- 
tion conditions has been noted in uranium niobium 
alloys. The depression of the transformation is 
probably due to the increased ease of forming a 
stable nucleus cf the higher-temperature phase 
under the disturbing influence of irradiation. 

Other alloys with extended +-phase fields are 
provided by the systems U-Zr; U-Nb; U-Ti; but 
the latter introduces a rather high neutron- 
absorption coefficient. 

If the gases causing swelling could be removed 
from the matrix before they had chance to expand 
into bubbles, swelling would be controlled at 
source. It should be possible to remove the gas 
atoms from the fuel before they can nucleate and 
form bubbles if the distance the atoms move to 
find a free surface is small. The obvious way to 
provide easy access to a free surface is to make 
the uranium in the form of a powder compact 
with a large amount of inter-connecting porosity. 
It is, in fact, possible to make a compact of this 
type with uranium powder of about 10 » particle 
size, but the swelling observed in such compacts 
under irradiation has not been significantly different 
from that in solid material and the amount of gas 
released was very small. Apparently, the gas is 


TaBLe 14. Some properties of heat-treated U.12°,, Mo 
alloy (test temperature 600°F.) (H. A. Saller and F. A. 
Rough, Int. Conf. P.U.A.E., 1955, P/558) 














Tensile Elonga- ; 
Prior heat-treatment strength, tion, 
Ib. ‘sq. in. 
24 h. 900°C. W.Q. 108,000 3-6 
24 h. 900°C. W.Q.; aged 3 h. 
at 500 C. : hi 104,000 5-8 
24 h. 900°C. W.Q.; aged 40 h. 
at 500°C. = 118,000 5:3 
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able to nucleate bubbles even before it has diffused 
to the surface of a particle of powder in the compact. 
There may still be a possibility, at temperatures 
higher than are normal for fuel elements at present, 
for the gases to escape before forming bubbles or 
it may eventually be possible to use even finer 
powders. For the moment, however, this approach 
to the problem is not a satisfactory one. 

If, for the present, swelling cannot be eliminated 
at source, it becomes necessary to use various 
methods of restraint so that the swelling pressure 
created by the gas is opposed by strong hydrostatic 
pressure in an attempt to prevent the density 
decreasing. The difficulty is one involving a com- 
promise between can strength and neutron economy. 
In addition, a further heat-transfer resistance is 
created. With a reasonable compromise, this 
method increases the available percentage burn-up 
and safeguards against premature breaking away of 
fuel particles and escape of fission products. 


Internal restraint 
Instead of having a complete can as a restraining 


device, it is feasible to restrain small amounts of 
fissionable material by dispersing it within a strong, 
non-fissionable matrix. The latter then prevents 
macroscopic swelling to a large extent and may 


allow higher amounts of burn-up without failure. 
The disadvantage of this method is that dilution 
reduces the active concentration of the fuel for 
a given volume and also introduces another neutron 
absorber. The diluent must therefore have a low 
neutron capture cross-section and the volume: 
restrictions on reactor size may enforce the use of 
an enriched uranium fuel or plutonium. 

Another type of internal restraint may be pro- 
vided for uranium matrices by creating within 
them a rigid network. It is possible to produce, 
for instance, a network of uranium carbide within 
uranium, the whole having a density of about 15-5. 
This system is likely to withstand swelling and 
thermal cycling across the transformation 
without suffering the distortions produced in pure 
uranium. 

Raising the creep strength of a fuel element 
by alloying additions has been mentioned 
previously. In general, the amount of alloying 
element addition permissible without too much 
effect on the neutron economy is not sufficient 
to enhance the strength of the fuel element 
enough to withstand radiation damage. How- 
ever, if a concentration of alloying element 
is made in the outer regions of a fuel element, 
and pure uranium or a uranium-rich phase con- 
tained within it, it might be possible to get adequate 
properties from the outer material to support the 
whole without unduly affecting the neutron 
economy. A powder metallurgy method could be 
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used to achieve the non-uniform distribution of the 
alloying element. 


The powder method is very attractive in several 
ways, particularly when combining a dense metal, 
like uranium, with a second material which may be 
very light. Melting and casting would normally 
lead to segregation, which would require consider- 
able efforts to approach homogeneity. Powder 
metallurgy offers the advantages that materials of 
widely differing densities can be intimately and 
uniformly mixed and phases which would react 
in the liquid state can be kept stable and separate 
because no melting is necessary. The most difficult 
aspect of producing satisfactory powder compacts 
is in choosing the correct particle sizes and shapes 
for the various components of the system, and all 
materials used usually have to be very pure. The 
maintenance of this high purity may require that 
all operations are carried out in an inert atmosphere, 
for instance. Finely divided Zr, Ti, U, and UC 
and UO, all come into this category. 


The materials and methods which may be used in 
producing the various types of internally restrained 
fuel elements are worth studying. As an example 
of the dispersion of enriched uranium in a pure 
metal phase, it is possible to design a feasible fuel 
element of aluminium containing up to about 
25 wt. uranium. Alloys of uranium and 
aluminium with 14-25 wt.°., uranium consist of 
crystals of UAI, in a matrix of Al UAI, eutectic. 
It is possible to exceed 25 wt.” uranium in 
aluminium, but precautions must be taken to avoid 
segregation. 

Two production schemes for this system, one 
employing fusion and the other powder methods, 
might be outlined as follows: 


Fusicn method 

1. Pure aluminium and enriched uranium is 
melted in a graphite crucible in an open atmosphere 
using H.F. induction heating. 


TABLE 15 Reactions between U and Al (R. Kiessling, 
Int. Conf. P.U.A.E., 1955, P'786) 





























Temp. Time until Resultant phases (in order 
cS reaction was noted of decreasing amounts 

250 ~240 h. UAL 

300 24 h. UAI,, UAI,, UAI, (trace) 
350 6h. UAI,, UAI,, UAI, 

400 ~1 h. UAI,, UAIL,, UAI, 

450 UAI,, UAI,, UAI, 

500 Immediate UAI,, UAI,, UAI, 

600 | Immediate UAI,, UAI,, UAI, 
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37 The uramium/molybdenum equilibrium diagram 


2. The combined melt is stirred, degassed and 
cast into a graphite slab mould. Casting tem- 
perature 700 to 1,000 C., depending on composition. 

3. The slab is fabricated by hot forging, hot 
rolling and cold rolling to about }-in. strip. Hot 
working temperatures depend on the alloy com- 
position, but are of the order of 600°C. 

4. Blanks are then punched from the strip. 

5. Each blank is then fitted into a frame of 
aluminium and cover plates of aluminium are 
placed top and bottom. 

6. The fuel plate assembly is then heated to 
590°C. and hot rolled to give a reduction of 
over 80°. 

7. The plates are then annealed at 610°C., after 
coating them with a slurry of alcohol and brazing 
flux. This treatment is followed by a thorough 
wash which removes the eutectic mixture of sodium, 
lithium and potassium fluorides and chlorides, and 
then by dipping in a dilute nitric H.F. acid bath, 
washing and drying. The flux anneal inhibits 
blistering at a later stage. 

8. The plates are then cold rolled to a final 
thickness of 0-06 in. and annealed at 590°C. 

9. Non-destructive testing inspection follows to 
ensure straightness, freedom from defects and to 
locate the core. 

10. The plates are then sheared to final size, 
assembled into fuel element packs with accurate 
spacings and brazed into the assembly framework 
using a silicon aluminium brazing alloy. 


Powder method 

This method is more commonly used for relatively 
high uranium-content alloys, of the order of 
25 wt.°,, uranium upwards. 
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1. The initial powder is made by melting 
appropriate mixtures of uranium and aluminium, 
allowing the melt to solidify and then crushing to 
powder. Atomized aluminium powder forms the 
other component and will be of the order of 325 
mesh. 

2. Cold compacts are made at 40 ton/sq. in. and 
these are sintered at 450-600°C. The sintering 
time depends on how much reaction can be allowed 
between the aluminium and the compound. If 
UAI, is the initial compound, it will react with 
aluminium to form progressively UAl, and UAI, 
(see Table 15); 96 h. at 600°C. will convert the 
UAI, to UAI,. Hot rolling accelerates the reaction, 
but the particle size is not greatly altered. 

3. The compacts are then hot worked and further 
processed according to stages 3-10 as for the 
fusion method. 

In the powder method of approach, the size and 
dispersion of the particles of compound can be 
controlled to a large extent by selecting suitable 
powder sizes to start with. The fusion method 
relies to a greater extent on heat-treatment pro- 
cedure for controlling the microstructure. The 
cast material solidifies with a fine, needle-like 
precipitate of UAI, dispersed in an aluminium 
matrix. After hot-rolling at 430°C., a matted 
needle structure of the UAI, in aluminium is 
produced, but on annealing for a time about | h. 
at a temperature between 400 and 600°C. the 
needle structure agglomerates into a satisfactory 
coarse dispersion. 

Other dispersion systems of interest include 
uranium in thorium; in zirconium; and in beryl- 
lium. Table 16 lists properties of some possible 
fissile dispersions. 

A properly designed fuel element of the disper- 
sion/matrix type calls for a uniform dispersion of 
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the fissile phase in the non-fissile matrix. The 
particle size, shape and distribution should be such 
that the region of damage due to irradiation of one 
particle does not overlap the damage zone of the 
next. In this way, at all times up to processing of 
the partly burnt-up fuel element, there will be 
a continuous network of relatively undamaged 
matrix. The larger the particle size, the less 
likely are the irradiation damaged zones likely to 
touch, but in order to control the shape and disper- 
sion characteristics, particle sizes are maintained 
at about 100 microns. The fissile material should 
be as rich in fissile uranium as possible and suf- 
ficiently strong to retain its size and shape during 
fabrication. Interaction with the matrix should 
be at a minimum and the matrix must have adequate 
mechanical properties, even uncer irradiation, to 
hold the macroscopic dimensions of the fuel 
element constant. Both the dispersed phase and 
the matrix should have low neutron-capture cross- 
sections. Additionally, the matrix should have 
a good thermal conductivity, low coefficient of 
thermal expansion and metallurgical compat bility 
with any cladding which is to be used. 

Obviously, this is a rigorous scheme of properties 
and to superimpose on it the added difficulties of 
melting and casting would reduce the number of 
possible systems to a very low level. Fortunately, 
many more systems become possible if powder- 
metallurgical methods are introduced. 

A higher concentration of uranium in an 
aluminium matrix is attainable when the uranium 
is present as UO, rather than as UAI,. For instance, 
with 40°,, of uranium in aluminium, much of the 
aluminium is combined as UAI,, leaving little for 
the matrix (fig. 38). The alloy is therefore brittle. 
When UO, is present in an aluminium matrix, no 
reaction takes place and a weight concentration of 
over 50°, uranium is possible. It is possible to 
introduce the oxide into the aluminium as U,O, 
and this is at least partially reduced to UO, by 
the aluminium during processing. Such a system 
is, of course, a cermet and aims at overcoming two 
of the major difficulties experienced with the pure 
ceramic fuels discussed in the next section. The 
ceramics have some very attractive properties but 
they are very brittle and subject to failure by 
thermal shock and generally they have poor thermal 
conductivities. The cermet overcomes these 
difficulties to a large extent, since the metal matrix 
can have a high thermal conductivity and act as 
the main heat-transfer medium. The matrix may 
also be ductile and contain without difficulty the 
brittle ceramic phase. 

In order to achieve a high concentration of fissile 
atoms the cermet must be rich in the ceramic 
part, but if it is too rich the cermet will be difficult 
to fabricate. Powder-metallurgy methods may be 
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used to overcome this difficulty if necessary, but 
it is sometimes preferable to use normal metal 
fabrication techniques. The temperature of working 
must be sufficiently high to render the matrix ductile 
so that the brittle phase is not damaged. 

To ensure that the cermet does not react internally 
during service the combination of matrix and 
ceramic has to be chosen carefully. Acceptable 

irs are UO, in aluminium or UO, in stainless 
steel, but UO, dispersed in zirconium and uranium 
carbide in beryllium cannot be used because they 
react either at the working temperature of the 
reactor or during fabrication. A dispersion of 
uranium or uranium alloy in stainless steel is 
unattractive for fuel purposes because of the 
formation of low-melting-point constituents and 
brittle intermetallic compounds. 

The dispersion of a fissile ceramic such as UO, 
is satisfactory up to 1,400°C. and is achieved by 
powder methods. The elemental powders are 
mixed, pressed, and sintered in hydrogen. The 
sintered mass is then worked by an operation such 
as coining and clad in wrought stainless steel by 
co-rolling, co-extrusion or swaging. Austenitic 
stainless steels appear to be preferred over ferritic 
types because of superior corrosion resistance, 
especially to pressurized water systems. If there 
is more than 40°, of dioxide in the UO, stainless- 
steel system, difficulties are experienced with 
fabrication and subsequently under irradiation. 
Reactor designs using highly enriched uranium 
require a dispersion of about 15-30 vol.”., of UQ,. 
A fully austenitic stainless steel of the 25 20 NiCr 

has neutron absorption cross-section of about 
2-5-3-0 barns. Ifa higher cross-section of 3-0-3-5 
barns is acceptable in an enriched fuel reactor it is 
possible to disperse UO, in the higher nickel- 
chromium and nickel-chromium-iron alloys and 
take advantage of their superior high-temperature 
properties. Using a technique of cold pressing, 
sintering in hydrogen at about 1,150°C. followed 
by hot-rolling, almost theoretical density is obtained 


TABLE 16 Properties of some possible fissile dispersions 
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in these alloys and their high-temperature pro- 
perties are about 90°, of those of the cast and 
wrought version. It is necessary to ensure that 
the UO, particles are regular in shape, strong and 
dense, or the hot-working of the stiff matrix breaks 
up the particles and leads to local segregation in 
the form of stringers. 

The reaction between UO, and zirconium is 
negligible below 550°C., but is significant at 700°C. 
and very rapid at 1,100°C. The uranium dioxide 
appears to be decomposed at high temperatures 
into its component elements which diffuse readily 
into the zirconium. The reaction would not 
prevent a UO,-zirconium cermet fuel being used 
in a reactor at temperatures up to 550°C., but the 
reaction certainly imposes severe limits on the 
fabrication of the cermet. 

Beryllium is attractive as a matrix for thermal 
reactor systems, but for the two commonest 
ceramics, UO, and UC, its use is limited to tem- 
peratures below 600°C. Above this temperature 
a solid-state reaction occurs between beryllium and 
either the dioxide or monocarbide of uranium and 
leads to an increase in volume in the neighbourhood 
of the reactants. The creep strength of beryllium 
also drops sharply above 600°C., so it would not 
be expected to retain fission gases very effectively. 

Generally speaking, if reactor maximum fuel 
tempera.ures of greater than 600°C. are required, 
none of the metals with low neutron-capture cross- 
sections can be considered as cermet matrices 
and attention must be given to matrices based on 
iron, nickel or molybdenum. to be continued 


Vacuum brazing furnace 


An order for a high-vacuum brazing furnace worth more 
than £7,500 has been placed with Vacuum Research 
(Cambridge) Ltd., by the Admiralty. This will be an 
electric-resistance furnace to be evacuated to less than 
10-* mm. mercury. A temperature of 1,300°C. can be 
maintained in a hot zone 2 ft. long by 1 ft. square. A 
shielded window is provided to enable the operator to 
view specimens within the furnace. 








| Fissionable | Melting point, Thermal Thermal 
Compound | Density vol. ratio C. neutron-capture conductivity, Structure 
cross-section, barns c.g.8. units 
U 18-9 1-0 1,120 _— 

U,Si | 15-6 0:77 930 0-13 0-036 Tétragonal 
U,Si, | 12-2 0-59 1,665 0-13 0-035 s 
UN | 14:3 0-71 2,630 1-88 | 
UC | 13-6 0-69 2,270 0-003 0-080 | NaCl cubic 
UC, 11-7 0-56 2,400 0-003 | B.C, tetragonal 
UO, 10-96 0-53 2,500 0-002 0-014 | CaF, cubic 
VAI, 6-0 0-22 73” 0-23 
UAI, 6-7 0-26 1,320 0-23 
VAI, 8-9 0-35 1,500 0-23 
US | 10-9 0-51 2,000 | ; 
PuO, 11°5 0-53 3,200 CaF, cubic 
PuC 13-9 0-70 | NaCl cubic 
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Leipzig Spring Fair 

Colvilles of Glasgow, Britain’s only makers of stainless- 
steel clad plates, are to exhibit for the first time at the 
Leipzig Spring Fair on March 5. A company spokesman 
said today Colvilles were already supplying large amounts 
of this product to the German Democratic Republic 
(Bast Germany). 

The plates, marketed under the trade name ‘ Colclad,’ 
form a stainless-steel veneer on ordinary steel plates, 
giving corrosion resistance of particular use in chemical 
and oil installations. 

About 200 British firms will be represented at the 
Leipzig Fair which lasts for 10 days. In the steel section 
alone, British firms have increased from 35 last year to 51 
in 1961, and floor space in this section has risen from 
about 6,260 sq. ft. in 1960 to 12,420 sq. ft. in 1961. 


Powder metallurgy 

The Powder Metallurgy Joint Group of the Iron and 
Steel Institute and the Institute of Metals announces that 
the following meetings will be held in 1961: 

Discussion on ‘ The appraisal of powders for pressing 
and sintering: 1.—Techniques for the evaluation of 
powders. 2.—The relationship between powders and their 
pressing and sintering behaviour,’ Monday and Tuesday, 
April 17 and 18, at the Royal Commonwealth Society, 
Craven Street (near Northumberland Avenue), London, 


Symposium on ‘ Sintered high-temperature oxidation- 
resistant materials,’ Thursday and Friday, December 7 and 
8, at Church House, Great Smith Street, London, S.W.1. 

Offers of original papers for this symposium should be 
sent to the Secretary, Powder Metallurgy Joint Group, 17 
Belgrave Square, London, S.W.1. 


BISRA ‘ open days’ 

The British Iron and Steel Research Association will hold 
two ‘ open days ’ at its Sheffield Laboratories on Thurs- 
day and Friday, June 15 and 16. The last occasion when 
the Hoyle Street group of laboratories held ‘ open house ’ 
for representatives of member firms was in 1956. This 
year’s function will, therefore, give visitors the opportunity 
of examining the many developments which have taken 
place since then. 

The Hoyle Street premises house three of BISRA’s 
five main divisions—Steelmaking, Metallurgy (General) 
and the Mechanical Working Division. In addition, the 
Steel User Section, which operates an important advisory 
service to industry generally, is also housed there. Among 
the many displays and demonstrations planned by Steel- 
making Division will be the latest developments in 
continuous casting, and work on spray refining and rapid 
desulphurization. One of the Mechanical Working 
Division’s projects on show will be a recently-developed 
rapid-annealing system. Prominent among the Metallurgy 
Division’s projects will be aspects of its general pre- 
occupation with the purification of steel (jet de-gassing, 
vacuum casting, etc.), work on improved speed and 
accuracy in analysis, and the production of high-tempera- 
ture steels. All these examples are arbitrarily selected, 
and represent only a few of the many projects which will 
be on show. 


One-day instrumentation conference 

The Society of Instrument Technology, and the Birming- 
ham Productivity Association, are holding a one-day 
conference, at the Birmingham College of Technology, 
Gosta Green, Birmingham, on Wednesday, March 29. 
The conference is aimed at the small- to medium-sized 
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manufacturer, and the object is to show the various aspects 
of instrumentation which will increase productivity 
profitably. 

An Instrument Exhibition has been arranged with the 
Conference, at which instruments which are discussed 
during the day are exhibited. Potential users will be 
able to discuss their id:as with instrument experts, and 
the necessary contacts made for future use. 


Kepston furnaces 
British Furnaces Ltd., of Chesterfield, in association with 
Kepston Ltd., of Kinross, have formed a Kepston Division 
of British Furnaces, for the production of electric-re- 
sistance furnaces, to operate with controlled atmospheres, 
including hydrogen, nitrogen, argon, and helium, for heat 
treatment and brazing operations of most metals and 
stainless steels. The outstanding features of the Kepston 
furnace include the complete absence of normal hydrogen 
hazards, controlled heating rates from very slow, up to 
100°C. /min., to 1,600°C., controlled cooling from 
vacuum slow ts 100 C./min., down to 450°C., no restric- 
tion on size and shape of heating zone from laboratory 
size upwards, and operations under visual control at all 
temperatures 

All electric-resistance furnace enquiries will be handled 
by the Kepston Division of British Furnaces Ltd., Derby 


Road, Chesterfield. 
LARGE, MAN-MADE DIAMONDS 
A group of carat-sized diamonds made by scientists of the 


General Electric Research Laboratory in Schenectady, N.Y., 
seen against a 1-in. scale. These large diamonds are dark in 
colour and are not yet of sufficient mechanical strength for 
industrial application. General Electric can now make, 
however, in the laboratory, diamonds up to > of a carat in 
size that are of excellent industrial quality. Stones of this 
size are needed for metal-bonded diamond wheels and saws. 
These }; of a carat diamonds are not yet available com- 
mercially. Industry also uses diamonds in full carat ranges 
for drilis, dressing tools, dies, and single point cutting tools. 
* If General Electric can perfect the mechanical structure and 
improve the strength of its new, carat-size diamonds, the 
company will be able to compete with natural stones in the 
full industrial range,’ according to Fohn D. Kennedy, 
general manager of G.E.’s Diamond Production Business 
Section in Detroit 
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The Wild-Barfield Generated Gas and ‘Carbodrip’ 
methods of gas carburising ensure minimum carburising 
time, fastest production rates and full quality 

control. Write to us for advice on the application 

of gas carburising for your work. 





ELECTRIC FURNACES 
FOR ALL HEAT TREATMENT PURPOSES 
Backed by 40 years’ specialist experience 





WILD- BARFIELD ELECTRIC eURRECES LIMITED 


ELECFURN WORKS, OTTERSPOOL WAY. WATFORD BY-PASS, WATFORD, HERTS HONE NATFORD 26091 (8 Lines) 
we 93 
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NEW PLANT 


Instrumentation for carbide sintering 

Following a trial pericd with an experimental instal- 
lation, Associated Electrical Industries (Rugby) Ltd. are 
incorporating an advanced form of automatic temperature 
control on electric resistance sintering furnaces at their 
Ardoloy factory, Rugby. 

Conversion of four furnaces to automatic working is 
now nearing completion and a total of eight automatic 
installations are expected to be in operation by the end of 
this year. The technique adopted is based on the Electr- 
O-Volt proportional control system developed by Honey- 
well Controls Ltd. and fitted integral with their ElectroniK 
controller instruments. 

The main advantage derived is that the working tem- 
perature is now maintained within 2°C. automatically as 
compared with 20°C. using the previous manual control. 
There is found to be a rapid response to load fluctuation 
without undershoot or overshoot. Sintering of Ardoloy 
cemented carbides is carried out at temperatures between 
1,350°C. and 1,500°C., and the output per furnace can 
vary between 30 and 150 Kg. of tips per week depending 
on the grades, size and shape of the pieces being sintered. 
Thus, in addition to the response to load fluctuations, 
a very desirable feature in a control system is rapid 
change from one working temperature to another. This 
is, in fact, obtained by the new automatic scheme in 
a straightforward and simple manner. Elimination of all 
mechanical moving parts outside the control instrument 
contributes much to the exactness and high response 
speed achieved. The original manual technique involved 
the use of hand wheels. As an interim measure, electric 
motors were fitted to these wheels but they took some 
30 sec. to complete the full travel. The new scheme, 
in contrast, corrects changes within a few milliseconds. 


Dunking machine 

Pneumatic operation of the entire dunking action, both 
upwards and downwards, is an important new develop- 
ment incorporated in th: heavy-duty dunking machine 
recently introduced into the Dawson range of metal- 
cleaning and degreasing machines. 

Manufactured by Dawson Bros. Ltd., of Gomersal, 
near Leeds, this dunking machine is intended for applica- 
tions where soaking and agitation are more suitable than 
other metal-cleaning methods. Typical examples of its 
variety of uses are the washing of sand from castings and 
the rough cleaning of cylinder blocks. 

The dunking action creates a strong turbulence in the 
cleaning solution which scours all the surfaces of the parts 
and penetrates recesses, loosening and removing the sand, 
grease and other residues. 

Operation is simple ; the parts to be cleaned are trans- 
ferred from the feed roller conveyor on to the dunking 
table which the operator lowers into the cleaning soluton 
by means of a control valve. When the table reaches the 
bottom, the dunking starts immediately. At the end of the 
cleaning period, the operator reverses the control val e 
which stops the dunking action and clevates the table. 
The next batch of soiled parts is pushed on to the table at 
the same time ejecting the cleaned parts on to roller 
conveyor at the other side of the machinc. 

A filtration system can be fitted to the machine to 
provide continuous filtration for the cleaning solution 

This machine has been manufactured as a dual dunking 
unit for washing and rinsing and is so designed as to 
enable any number of units and alternative processes to 
be linked in-line. This system could be arranged for 
fully-automatic operation with a moving beam or similar 
system fully timed and interlocked. A particularly suitable 
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application would be in the field of phosphate coating. 
Dawson Bros. Ltd., Gomersal, near Leeds. Sole agents: 
Drummond-Asquith Ltd., King Edward House, New 
Street, Birmingham 2. 


Induction gear hardening 
A new universal induction gear hardening machine has 
been designed by Induction Heating Equipment Ltd. for 
a leading firm of motor-car manufacturers principaliy for 
the hardening of gears. The power source is an inductor 
alternator working at 500 V. 10 kc./s. The ancillary 
equipment consists of a control cubicle and two work 
stations which are used alternately. The switching is so 
interlinked that power can only be switched to one station 
at a time although both may be loaded. Either a hand- 
operated or automatic cycle can be used, and provision is 
made for loading work either above or below the inductor. 
Each station has a separate transformer fitted close to 
the work; to the secondary of which the inductor is 
bolted. The inductor is therefore stationary, and both the 
work and quench tank move up and down independently 
of each other. With the controlling switch set in the 
‘hand’ position, heat, quench, rotation and work move- 
ments may be controlled at will by separate switches. In 
the * automatic ’ position, two conditions are available: 
In the first case the loading position is presented above 
the inductor and pressing the ‘ start’ button causes the 
work to commence rotating and move downwards into the 
heating inductor, and power is switched on automatically 
if the other station is not taking power. If this should be 
so, the work remains in the coil until the other station has 
finished its heating cycle, when heat comes on automati- 
cally. The heating cycle is timed by synchronous timer, 
and on completion the work will lower itself into the 
quench tank which has in the meantime been raised to a 
position immediately below the inductor. After a pre- 


1 Induction gear-hardening machine 
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This new 86-page publication provides you 
with the most up-to-date data for guid 
ance in joining Wiggin High-Nickel 
Alloys: Oxy-acetylene, Metal-arc, 
Argon-arc, Resistance and Flash-butt 
welding. It also contains sections dealing 
with the welding of dissimilar metals and 
on the lining of vessels. 
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set time interval the work is returned to the loading posi- 
tion for removal, and a fresh work-piece is inserted. 

Certain shapes of work-piece, such as cluster gears, 
cannot be passed completely through the inductor unless 
the inductor is made so large as to be inefficient. By 
changing over the selector switch, the loading position is 
presented below the inductor, the quench tank being 
lowered out of the way. Pressing the ‘ start ’ button causes 
the work-piece to move upwards into the inductor; the 
quench tank also moving upwards. After a preset heating 
period the work is lowered rapidly into the tank, and the 
tank subsequently lowers, exposing the loading position 
for removal of work. 

Oil or water may be used as the quench medium, and 
this is kept cool by recirculation through an external heat 
exchanger, the level in the quench tank being maintained 
by weir action. The liquid is pumped into the tank 
through a semi-circular pipe surrounding the work and 
drilled on its inner side so that a swirling motion is 
maintained around the work-piece, thus cooling it more 
effectively. 


Alcan furniture alloy 


A new extrusion alloy developed by the Aluminium Co. 
of Canada Ltd. expressly for use in furniture manufac- 
turing has produced highly satisfactory results. 

The new alloy, called Tube-Alloy, makes it possible to 
extrude aluminium tubing easily and economically in an 
almost limitless variety of shapes—square, triangular, 
octagonal and asymmetrical designs. In addition the 
tubing can be heat treated to strength levels equalling 
those of extruded and drawn tubing in other aluminium 
furniture tubing alloys. This development puts at the 
disposal of furniture manufacturers an alloy which is 
not only economical but provides designers with much 
more latitude in achieving style and sales appeal. 

Alcan’s Tube-Alloy is a member of the magnesium 
silicide group of aluminium alloys. It is heat-treatable 
and develops higher strength than extruded 50S, the 
sormally-used alloy in the furniture-making industry. It 
-8 also less expensive. Although it can be cold drawn, 
it is preferable to extrude this alloy to the required size, 
thus eliminating one operation. 

When extruded in accordance with recommended 
practice, it takes on a fine-grained structure which permits 
bending without the formation of nodules known as 
‘orange peel.’ Normal polishing and buffing give it 
a good finish. 

Developed expressly for the furniture industry this 
new alloy has not only perfo-med extremely well in this 
field but gives promise of being equally applicable in 
other areas where high fatigue and impact properties are 
not required. 


Basin tilter furnace 


The Morgan Crucible Co. Ltd. has now extended its 
range of crucible furnaces by producing a furnace, the 
B.T.1300, of 1,300 lb. aluminium capacity. It is de- 
signed on similar lines to the two very successful smaller 
furnaces known as the basin tilter types B.T.380 and 
B.T.500. The range of furnaces is designed to provide 
simple and flexible melting units embodying all the 
features stipulated by the aluminium die-casting industry. 
(The two smaller furnaces are also being extensively 
used for the melting of copper base alloys. 

The B.T.1300, considering its large capacity, is a very 
compact unit; the low platform and large diameter 
crucible facilitate the charging of bulky scrap. Although 
particularly suitable as a bulk melter for the die-casting 
foundry supplying metal for ‘ bale-out’ furnaces, it is 
equally successful when used on its own, giving many 
important advantages 
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Classified Advertisements 


FIFTEEN WORDS 7s. 6d. (minimum charge) and 4d. 
thereafter. Box number 2s. 6d. including postage of replies. 
Wanted 2d. per word. 

Replies addressed to Box Numbers are to be sent, clearly 


marked, to Metal Treatment and 2 Forging, John Adam 
House, John Adam Street, London, W.C.2. 


r word 
ituations 


SITUATIONS WANTED 


CHIEF METALLURGIST, in early thirties with a wide prac- 
tical experience, including steel founding, forging, heat 
treatment and general engineering metallurgy.—Box CM 
134, METAL TREATMENT AND DROP FORGING. 


SITUATIONS VACANT 





FORGING 


A West Midlands company wishes to appoint a 


Technical Sales Engineer for Forging Plant. Among 
the qualifications required are a reasonable educational 
background and at least seven years’ experience in 
the industry, either using, designing, or selling forging 
equipment and the ability to operate it himself. 
Travelling in the United Kingdom and abroad is 
involved. Full particulars and an Application Form 


will be sent on request to:— 


Birmingham Productivity 
Association Technical Advisory 
Service Limited 
75 Harborne Road, Edgbaston, 
Birmingham, 15 


Telephone No.: EDGbaston 5778/1452. 
Quoting reference 1641/TSE 











MACHINERY FOR SALE 





Two-CWT. PNEUMATIC FORGING HAMMER for sale. £75 
or near offer. Can be inspected at these works. Tyseley 











Metal Works L*'d., Kiig’s Road, Birmingham, 11. 
Phone VICtoria 0584. 
NATIONAL 2)" HIGH DUTY FORGING 
MACHINE 


Air clutch In excellent order 


Cc. DUGARD LIMITED 
Denmark Villas, Hove Telephone 32471 
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Foundation for a blast 

furnace in Refractory 

Concrete, cast as a cylindrical boss of 
32 ft. 6 in. diameter and 9 ft. depth. 





FURNACE AND BOILE 
FOUNDATIONS 


to ensure maximum protection to the 
underlying structural foundations 
and also 
SAVE MONEY, TIME AND LABOUR 


se REFRACTORY CONCRETE 





. i 
| 
USE SECAR 250 p 
\ an tron-free white calcium-alwminate cement) Refractory Concrete 
i for | stable under load 
Super Duty and Special Conditions of :— | up to 1350°C) is made 
Higher Temperatures up to 1800°C. ! with crushed firebrick 
Reducing Atmospheres. l and Ciment Fondu. 
! Resistance to Slag attack. 1 Ready for any purpose 
| Resistance to products of combustion. | in 24 hours. 
| , _ ” 
Write for booklet *‘ SECAR 250. 1 
, ‘ ' 
t ' 


LAFARGE ALUMINOUS CEMENT C). LTD., 73 BROOK ST., LONDON, W.1. Tel.: MAYfair 8546 
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Dust & Grit 
Collectors 


A new addition to the range of 


A. & ©. dust and grit collectors 


This photograph shows an Alldays & Onions 
Dust Collector, primarily for use with hearths and 
designed to meet the requirements of the Clean Air Act 


ALLDAYS 
& ONIONS 


GREAT WESTERN WORKS BIRMINGHAM 
Phone: ViCtoria 2251-4 






























UF/I 


Lendon Office: 2 Queen Anne's Gate, Westminster. London, $.W.1 


Phone: Whiltehal! 1923/4/5 
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Forced-air circulation at 





an important advance in 


furnace design by .~ 4 
— —— 


This highly successful furnace was designed and 
constructed by us to meet the following 
RO.LS-Royce specification: 

1. variable temperature range up to 1,100 C. 
2. tolerance of + 10 C. throughout the range 
3. even temperature distribution all through 


4. heating chamber size 4’ 6” x 4’ 6" x 5’ 0” 

We overcame the problems involved by using 
forced-air circulation with the fan assemblies made 
of * Nimonic 75” heat resisting alloys mounted 

on air-cooled tubular shafts. The air guide, which 


was also made of * Nimonic 75,’ was supported 
from the roof to reduce distortion at maximum 
temperature. The heating elements were housed 
in refractory grooves to facilitate easy replacement 
even with the furnace still relatively hot. 

Tests before shipping were entirely successful, the 
temperature variation being 
5°C. at 750°C. and negligible 
at 1,100°C. The furnace is 
used for the heat treatment 4 
of Rolls-Royce ‘Con- 
way,’ ‘Avon,’ and 
‘Dart’ jet engine 
assemblies. 













LIMITED 
For your 
next INDUSTRIAL 
electric furnace ELECTRIC 
consult HEATING 
SPECIALISTS 


Fowler Road, Hainault, tssex 
Telephone: Hainault 303! 
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EFCO continuous production 
125 ft. long, supplied to the 
Caterpillar Tractor Co. Ltd 


...cant do better than CATERPILLAR 


Models of ruggedness and reliability, Caterpillar tractors need 
and get. the finest manufacturing facilities 

That is why Efco were chosen to provide the new production 
line in which components are given precise and vital heat treatment 

The production line is fully automatic. Here the parts are 
shepherded along in two lanes to be heated for hardening, are then 
quenched in water sprays or hurried on by electronic devices to be 
oil quenched. Further along the line they are cleaned, tempered and 
cooled. Some 6,000 Ib. of tractor components arrive at the discharge 
end of the line every hour 

The conveyor line, the hardening furnace, quench stations, 
quenching mechanisms, washing and cooling booths and control gear 
were all designed and supplied by Efco Furnaces Limited 


choose /EFCO! Now Caterpiliar Tractor Co. Ltd. have ordered two 
ee more Efco continuous furnaces 
ELECTRIC FURNACES 

EFCO FURNACES LTD. 


QUEENS ROAD, WEYBRIDGE, SURREY Weybridge 389/ 


Associated with Electro-Chermcal Engineering Co. Ltd 


NRP/R 3OS3 A 








metal treatment 
and Drop Forging 
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AND COMPANY LIMITED 
High-Grade Steel Makers 


) st (HIGH SPEED STEELS 
MONARCH HOT & COLD DIE STEELS 
TOOL HOLDER BITS 

“" 4 ARDENITE” { CARBON & ALLOY TOOK 
) STEELS forALL PURPOSES 

“HELVE™ 


ROYOS WORKS AND 
HARDENITE STEEL WORKS 
ATTERCLIFFE ROAD, SHEFFIELD 4 





§ CARBON TOOL STEEL fo: 
CHISELS, PUNCHES, &« 





Export Department 
THE HARDENITE STEEL COMPANY LIMITED 


Telephone Telegroms: 
Sheffield 2213) Shaking, Sheffield 4 
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Cut your finishing costs on 
DIE SINKING & FETTLING 

By using the British made 
BRIGGS - AJAX 

Range of 
AIR GRINDERS 


which have achieved an enviable reputation for 
reliability since their introduction 21 yrs. ago. 


AJAX JUNIOR, !00,000 r.p.m. for Stones 
fy” to §” dia. 

AJAX MK. Ill, 50,000 r.p.m. for Stones 
}” to 3” dia. 

BRIGGS MK. II, 28,000 r.p.m. for Stones 
4” to |” dia. (deep reach) 

BRIGGS MK. V, !0.000 r.p.m. for Stones 
13” to 2” dia. 


Literature on request from Manufacturers 


BRIGGS BROS. (ENGINEERS) LTD. 
206 EDWARD ROAD, BIRMINGHAM, 12 
Telephone: CALtkorpe 2995 

















ABBEY HEAT 
TREATMENTS LTD. 


Plaza Works, High St., Merton, S.W.19 
. 

Specialized Heat Treatment 
in our NEW Capacity Furnace 
with non-oxidizing atmosphere 

e 
SPECIALLY DESIGNED for the heat 
treatment of high temperature alloy 
materials up to 1,300°C. 
7 


Enquiries will be dealt with personally by our 
Technical Staff - Ring CHERRYWOOD 2291/2 


ALD. DLARM. LEME. & ARB. Approved 
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FOR CONTINUOUS NORMALISING 















































ANNEALERS LTD 
PENISTONE RD SHEFFIELD.6. 
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ALLOY STEELS - too! 


OR many years it has been 

known that -40/50% Carbon Steel 
Gears will give an appreciably longer 
life when Flame Hardened—in fact 
four to five times the normal. 





EWER pcople are aware that 

Alloy Steels—Nickel Chromium 
—En 23, En 24, En 110, etc., can be 
similarly treated—and pass the most 
stringent tests. 


Write us or ‘phone for full information 








| FLAME HARDENERS LTD 


Shorter Works, Bailey Lane 
SHEFFIELD, |! Telephone 21627 








ENGINEERING & 


MARINE 
WELDING & 


metal treatment 
and Drop Forging 


ARB DGI APPROVED 


ELECTRO HEAT 
TREATMENTS LTD. 


BULL LANE WEST BROMWICH 
Telephone WES 0584—0756 


BRIGHT ANNEALING 


Copper and steel pressings, bolts, strip, 
etc, 


BRIGHT HARDENING 
Bolts, springs, etc. Also large compo- 
nents up to 3 ft. 


CASE HARDENING 


Carbonitriding and Gas Carburizing up to 
4ft. 6in. High frequency up to 10 kVA. 


LIGHT ALLOYS 
Solution and precipitation up to 10 ft 
We specialize in the use of controlled 


atmospheres for all heat treatment. 
100 ton weekly capacity - Laboratory 
supervision - Local deliveries 








THE LARGEST EVENT 
OF ITS KIND IN THE WORLD 


NUCLEAR ENERGY Olympia - London 


EXHIBITION 


April 20-May 4 1961 


For full details write to the organisers: 
F. W. BRIDGES & SONS LTD. 


Grand Buildings, Trafalgar Sq, London, W.C.2 








metal treatment 
and Drop Forging 


FRANKLIN FURNACE CO. 





A section of a Special Gas fired 
Mould Heating furnace at Deritend 
Precision Casting Ltd. 


LTD., BAKER STREET, SPARKHi.., BIRMINGHAM II, ENGLAND 


42 


ironed out 





in on that furnace installation. 
in the supply of standard, and the design of 
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FRANKLIN FURNACES 


There’s big savings in terms of dependability 


special furnaces mean the snags are quickly 
. Furnaces fired by ‘Dine’ Burners 


now counted as customers. 
Our team of experts would welcome the chance 
to look into your furnace problems. 


MANUFACTURERS OF INDUSTRIAL 
FURNACES AND OIL BURNING 
EQUIPMENT FOR ALL PURPOSES 





and easy maintenance when Franklin are caiied 
Long experience 


give easy maintenance and fuel economy, that’s 
why more and more well-known Companies are 
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THE NICKEL- 
CHROMIUM 
ALLOY 


For Temperatures at which 
other metals collapse 
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THE CRONITE FOUNDRY CO. LTD. 


LAWRENCE ROAD, TOTTENHAM, LONDON, N.I5  cranmvo® 
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in all ways. Today, hovercraft and satellites—what of tomorrow? 

He will grow up with Mr. Therm, for each advance made by Engineers 
and Technologists will be helped by the unceasing research of the 
Gas Industry into gas utilisation. Through the twelve Area Gas Boards, 
the Gas Industry offers an unrivalled free technical advisory service on 
fuel to the many industries and trades which it serves. 

Write or ‘phone your problem to your Gas Board NOW 


ISSUED BY THE GAS COUN 
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